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Attention is directed to the fact that the Committee on Research Grants 
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money to be disbursed in support of worthy research projects. Applications 
for grants will be accepted up to and including March 31, 1943. It is cus- 
tomary to give preference to scientists connected with the smaller institutions 
of the state. 


Requests for grants should be accompanied by a brief statement of the 
training and experience of the applicant, the purpose of the investigation, 
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PAPERS IN AGRICULTURE 


FRoM THE ReEpoRT OF THE SECTION CHAIRMAN 
Eleven papers were presented at the Urbana meeting, 8 of which are 
herewith published. The others were: 


Srencer, E. R., McKendree College, Lebanon, Ill.—The Practical Side of 
the Nitrogen Cycle. 


Dorsey, M. J., University of Illinois, Urbana, Ill—The use of genetics in 
solving the variety problem for peach growers. 


Roserts, E., University of Illinois, Urbana, Ill—Cross-breeding in swine. 


Thirty attended the meeting and elected O. L. Whalin, University of 
Illinois, chairman for 1942-43 meeting at Jacksonville. 


(Signed) C. H. OarHout, Chairman 


[31 | 











GERMINATION STUDIES OF BROMEGRASS SEED, 
BROMUS INERMIS LEYSS 


R. F. FUELLEMAN AND W. L. BURLISON 


University of Illinois, Urbana, Illinois 


Difficulties attending the seeding of 
bromegrass have given impetus to investi- 
gations of methods of processing brome- 
grass seed to facilitate its seeding with 
ordinary farm machinery. The seed is 
relatively large and light in weight. 
Caryopses are rather loosely held within 
the lemma and palea. Both of the latter 
are nearly equal in size and the paleas 
are slightly ciliated. Caryopses are 
slightly curved, with the point of attach- 
ment to the rachilla rather abruptly 
turned in. This brief description is in- 
cluded in an attempt to better illustrate 
the reasons for difficulties encountered in 
seeding and processing the seed without 
damage, 


Farmers have been hesitant to use this 
excellent forage grass because it has 
necessitated the use of a vehicle to carry 
it through ordinary seed drills. Attempts 
to seed it alone with a drill usually 
results in “bridging,” and a nonuniform 
seeding results. Various agitator attach- 
ments have been recommended but most 
drills are not constructed to use these 
agitators. This has made hand seeding 
necessary. Here again, considerable diffi- 
culty is encountered in obtaining uniform 
seedings of bromegrass, particularly on 
windy days. This paper reports some 
results of germination studies in the 
greenhouse with untreated bromegrass 
seed, hulled seed, and seed from which 
the hulls were removed by abrasive 
action. Treatment was intended as a 
means of facilitating easy and effective 
seeding. The effect of depth of planting 
is also considered and reported. 

Source of Seed and Treatment.—The 
seed used in these experiments was pro- 
duced in southeastern Illinois, on the 
Agronomy South Farm at Urbana in 1941, 
and at the Soil Conservation Service 
regional nursery located at Elsberry, 


Missouri.* 


Three lots of seed were used in the so- 
called treatment tests: Lot 1, seed not 
subjected to special processing or selec- 
tion—whole seeds taken from an ordinary 
lot of seed; Lot 2, naked caryopses 
selected from seed after it had passed 
through the combine; and Lot 3, hulled 
seed from which lemmas and paleas were 
removed by using an abrasive. In pre 
paring the hulled seed, sandpaper was 
first used, but it proved to be too severe. 
This method seriously damaged most of 
the caryopses. In the second method, the 
lemmas and paleas were removed by 
means of rubber buffers. No observable 
damage to caryopses occurred with this 
method. The third method utilized a 
hammer-mill, a machine first used ex- 
perimentally for commercial seed treat- 
ment. A fourth method consisted of 
rubbing seed gently between a wood block 
and a stone table top. 


Untreated seed from Lot 1 was used in 
depth of germination experiments. Whole 
seeds were planted on greenhouse benches 
at depths of 4, %, %, 1, 1%, and 1% 
inches. Germination counts and measure 
ments of seedling growth were made. 
Temperature, moisture, and light condi- 
tions were the same for all depths of 
planting. 

Results of Germination Tests Treatment 
Series—Germination percentages of the 
different lots of seed were closely related 
to the severity of treatment. Whole seed, 
or seed that retained the lemmas and 
paleas, gave normal germination under 
greenhouse conditions. A slight drop in 
germination during the period from 
January 8 to 20 was due to slightly lower 
temperatures in the greenhouse, and coin- 
cided with low outdoor temperatures. 
This lot of seed was of high quality and 
good germinability (See Table 1). 

The second lot of seed, selected from 
the first lot, but with lemmas and paleas 





* Acknowledgment is made to Mr. Walter Newlin of Casey, Illinois, for seed and his deep 


eave | in these investigations; also to Mr. C. J. Coukos, Soil Conservation Service, Elsberry, 
Missouri, 
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absent, gave an average germination con- 
siderably lower than the first. All condi- 
tions were similar to those of the first 
lot. The seed was accidently hulled in 
the process of combining. Examination 
of the caryopses showed no observable 
damage which might account for lowered 
germination. 

The third lot consisted of seed from 
which lemmas and paleas were removed 
either by (1) rubbing with sandpaper— 
obviously too severe, (2) the use of a 
rubber buffer, (3) the hammer-mill, or 


(4) rubbing with a board on a smooth 
concrete slab, Methods 1 and 3 proved 
most damaging (Table 1). The hammer- 
mill was previously considered as having 
the greatest potential use in seed process- 
ing but these results indicate that it is 
too severe, destroying the viability of a 
large percentage of seeds. From the 
practical point of view, the second 
method, i.e., using a rubber buffer, has 
more potentialities than any method of 
treatment by which the chaffy and light 
seed coverings are removed. 


TABLE 1.—PERCENTAGE GERMINATION OF SEEDLINGS AT THE END oF Eacu 12-Day Periop 























Replications! | 

Sample no. Period . . | Average 
1 S74 4 5 
Whole Seed Germinations pet. pet. pet. pet. pet. pet. 

Di bnustiicsadnisidakabiccmawenaedee 11/8—11/21........... 96 80 96 96 86 90.8 
SA area cues Nerd aes 12/1—12/12........... 96 94 92 92 92 93.2 
aI RR 1/8— 1/20.........-- 92 86 80 92 96 89.2 
| AER rn haa aE > . See 90 96 98 96 94 94.8 
74 72 86 80 86 77.6 
80 86 86 76 74 80.4 
58 66 68 58 48 59.6 
70 70 78 68 60 69.2 

} | 
11/8—11/21, .........- 6 2 6 8 12 6.8? 
12/1—12/12. === 46| 40; 60) 68| 68| 56.43 
2 RS 22 30 34 18 26 26.04 
2/2— 2/14........... 70 70 78 68 | 60 69.45 

' 























! Each replication consists of 50 seeds. 
2 Sand 


paper. 
3 Rubber buffer. 
4 Hammer-mill. 
5 Rubbed with board on concrete. 


Seedling Growth—Height of seedlings 
in centimeters is not a direct indication 
of seed treatment but apparently com- 
bines the effect of interactions of temper- 
ature, light, and moisture. Seedling 
heights of the three lots of seed are 
shown in Table 2. Germination and 
height of seedlings seem to be related 
although it is probable this relationship 
would diminish with time under green- 
house conditions. Under field conditions, 
the stronger initial growth of seedlings 
may well favor more rapid establishment, 
an important factor in economical pas- 
ture husbandry. 

Depth of Planting—Rates of seeding 
bromegrass as well as other species are 
usually heavy enough to care for varia- 
tions in soil, seedbed, and climatic factors. 
Much seed is planted too deeply and re- 
Sults in uneven stands due to failure of 
the plants to emerge. Seed size obviously 


is important. Bromegrass seed is large 
and can be planted at greater depths than 
the smaller seeded species, such as red- 
top, Agrostis alba, or Kentucky bluegrass, 
Poa pratensis. 


In this experiment, bromegrass was 
planted at depths of 4, %, %, 1, 1%, and 
1% inches, respectively. Emergence of 
seedlings did not vary greatly with the 
first four depths; however, the emergence 
percentage was distinctly lower with the 
1% and 1% inch depths, 

Conclusions.— Within the scope of these 
experiments certain conclusions are ap- 
parent: (1) Untreated seed (unhulled) 
is definitely higher in germination than 
hulled seed (naked caryopses) regardless 
of how the hull was removed. (2) Seed 
planted at depths greater than one inch 
is lower in emergence than seed planted 
at shallower depths. 
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TABLE 2 
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.—SEEDLING GROWTH IN CENTIMETERS AS MEASURED DURING GERMINATION PERIODS 



































| | Replications' 
Sample no. Period Average 
Piete 
| } | 
Height of Seedlings from Whole Seed m. | cm. | cm. m. | cm. cm. 
ROPE T nities ror RRR NE ae eae 8.2 8.3| 8.0 8.0| 7.6 8.0 
ERA eR TARAS”  Aeameeamaro GE 5.6 5.8 6.3| 6.3 6.0 
Dieta hikecesoeboinatoucckes.cced  Sepeasgeneeee BI oD ae | 6.7| 6.0 | 6.6 6.4 
SERRE OEE IT IES SRR: 6.0| 6.6 6.3) 6.3 6.2 
Height of Seedlings from Hulled Seed 
SCRE I Rat ESS Ce ee ae 7.3 7.1 6.9 7.3 7.1 
(eae nie Cee: _ eeseeemepe MEE 5.6 5.7 5.4 6.1 5.7 
AGERE PII DERE EES ” -Saeamesesammeate (BRE 6.0} 5.8 5.8 5.9 5.9 
Somes eg eee aie 2a, er aM __ eee a 4.6 4.1 4.6 4.3 43 
Height of Seedlings from Damaged Seed 
al 2 SSA ERE io aly Salant ty SOR TI! 0 RES eae rieks: Vag 2.7 2.1 1.9 3.2 2.3 
EOE EEN ETI |” eer BA 5.4 5.0| 5.2 5.3 5.4 
ROE EEE SEER VPLS! a Fe 4.2 5.2 4.8 4.5 44 
Ea Comet _  aaapenamonree, Tel 4.2 4.2 4.3 4.7 43 





1 Each replication consists of 50 seeds. 


TABLE 3.—GERMINATION OF BROMEGRASS SEED WHEN PLANTED AT VARYING DEPTHS 









































Replications! 
Depth of planting | s.D 
inches | ; 
1 2 3 4 5 
I ne cacepeaenpellacahe Perct. germination. .........- 90 96 98 | 96 u4 2.71 
Seedling height, em---.--..... 6.0 6.0 6.6 | 6.3 6.3 
} 
EEE Perct. germination... ......-- 96 88 98 | 92 90 3.74 
Seedling height, em--....._.- } 5.8 5.5 5.4 5.7 5.8 
i iicthediciaiactaesitiaal Perct. germination. ---_.-._..- 96 98 98 90 y4 2.98 
Seedling height, em--.-_-...... 4.7 4.6 4.7 5.0 5.2 
shies nhindiaic sient alll a ----------- 98 SS 90 90 82 5.12 
et ia eight, em.......... 4.8 4.8 5.0 4.8 4.8 
a Tee a 82 82 88 84 86 2.35 
Seedling height, cm & 4.4 5.0 4.6 4.1 4.8 
WRinctcinninsinaanaan Perct. germination -.......... 86 74 78 82 72 3.96 
Seedling height, em-......... 4.9 3.9 4.6 4.4 4.0 








1 Each replication consists of 50 seeds. 
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RESULTS OF EXPERIMENTS IN IMPROVEMENT OF 
PASTURES FOR DAIRY CATTLE 


W. B. NEvENsS 


University of Illinois, Urbana, Illinois 


Seven years’ trials at the Illinois Sta- 
tion with pasture crops for dairy cattle 
have shown possibilities for greatly in- 
creasing (a) the length of the pasture 
season; (b) the yield of pastures; and 
(c) the length of time fresh green pas- 
tures are available, as compared with 
ordinary bluegrass pastures. These re- 
sults have been accomplished through 
(a) selection of suitable, high-yielding 
pasture crops; (b) good grazing manage- 
ment; (c) adequate and regular fertiliza- 
tion; and (d) persistent weed control. 

High-producing pasture crops studied in 
the trials were alfalfa, bromegrass, a 
mixture of Sudan grass and soybeans, 
sweet clover, and winter rye. It has been 
found advantageous to grow a number of 
these crops simultaneously in separate 
fields and to pasture them in rotation or 
when the crops are at their best stages 
for pasturing. 


Application of a nitrogen fertilizer to 
bluegrass pastures increased (a) the 
nitrogen content and (b) the palatability 
of the grass. An explanation for the 
greater palatability of the fertilized grass 
is the higher moisture content of the fer- 
tilized crop. 

A study of thirty-seven comparisons of 
the dry matter of bluegrass taken from 
fertilized and from unfertilized pasture 
plots shows that in all but four cases the 
grass from the fertilized plots was lower 
in dry matter content (and thus higher 
in moisture content) than the grass on 
the unfertilized area. Of these four in- 
stances two occurred in August of 1940, 
an unusually dry season, when pastures 
were almost bare. An analysis of the 
data by the method of Student indicates 
a statistically significant difference in the 
dry matter contents of the fertilized and 
unfertilized grass. A summary of the 
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Fig. 1.—Over a 3-year period, fertilized bluegrass had a lower dry-matter content 
(remained greener) than unfertilized bluegrass. 














data is presented in chart form in Figure 
1, It is believed, therefore, that the main 
reason cattle select fertilized areas of 
pastures for grazing, in preference to un- 
fertilized areas, is the higher moisture 
content of the fertilized crop. Other 
factors also may be operative, but these 
are believed to be of less importance 
than the dry matter content. 

Further evidence that the dry matter 
content is the factor of principal impor- 
tance in determining palatability of pas- 
ture crops is found in a study of the dry 
matter content of a number of pasture 
crops used in our trials. Samples taken 
during the months of April to September, 
inclusive, over a five-year period, show 
that bluegrass contains more than 30 
per cent dry matter thruout a large por- 
tion of the pasture season, while a Sudan 
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grass-soybean pasture rarely reached 30 
per cent dry matter. There is a close 
relation between dry matter content and 
palatability, the crops lowest in dry mat- 
ter, as a rule, being most palatable. 
(Table 1.) 


TABLE 1.—Dry MATTER CONTENT OF PAas- 
TURE SAMPLES 








Samples over 30 
No. of percent dry matter 
Crop determi- 











Sweet clover... ......- 
Sudan grass—soybeans. 
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THE CHEMICAL COMPOSITION OF FARM CROPS AS 
AFFECTED BY SOIL TYPE AND TREATMENT 


H. J. SNIDER 


University of Illinois, Urbana, Illinois 


Farm crops in Illinois are grown on 
soils representing a large variation in 
natural fertility. Little attention has 
been given the probable effect that these 
various levels of soil fertility might have 
on the quality of these crops. Soil treat- 
ment, such as adding limestone, phos- 
phates, potash, and legumes, has reached 
such proportions as to have a decided 
effect on the production of total crops in 
the state. Soil treatnient is considered 
almost solely from the standpoint of in- 
creasing acre yields. The factor of 
quality which might be affected by the 
fertility of soils is as a rule not con- 
sidered, 

A recent publication, “Building Better 
Pastures,”* contains some _ statements 
which are highly pertinent to the con- 
servation of soil fertility and which 
sooner or later must be given considera- 
tion by all who are interested in farm 
production. Some of these statements 
follow: “Good livestock are seldom found 
in poor soil areas.” “Many soils are de- 
ficient in plant food elements, and as a 
result grass is poor and this deficiency is 


transferred to animals.” “The relation- 
ship between soil fertility and health of 
livestock has been well established by 
research.” “The object of this publica- 
tion is to supply information regarding 
pastures to horsemen and _  stockmen 
throughout the continent, and in this con- 
nection these statements are of great 
significance.” 

It is the object of this paper to present 
briefly chemical data which supply infor- 
mation along the lines of the above quo- 
tations and limited to Illinois soil condi- 
tions. It is not always possible in 
chemical work to select all of the con- 
stituents which may cause human beings 
or animals to flourish or not to flourish 
on certain foods or feeds. It is possible, 
however, by chemical methods to show 
deficiencies or abundance of certain con- 
stituents or elements which may have 
considerable nutritive value. Protein is 
one of the important constituents of foods 
and its presence often determines the 
value of the product. Phosphorus is one 
of the important mineral elements and its 
deficiency has frequently led to disastrous 


* By W. L. Burlison and R. F. Fuelleman, published by the Horse and Mule Association 
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results in animal nutrition. This discus- 
sion will be limited to these two con- 
stituents of foods and feeds. 
Experimental Results.—The results from 
three experimental fields are shown in 
Table 1; one field represents an inter- 
mediate while the other two fields repre- 
sent almost two extremes in soil fertility. 
The composition of Kentucky bluegrass 
grown on these soils is also included. 
The Elizabethtown field represents Ava 
silt loam with a total nitrogen content of 
1,580 pounds an acre on untreated soil. 
This soil produced bluegrass which had a 
protein content of 136 pounds per ton and 
a phosphorus content of 1.6 pounds per 
ton of air-dry hay. The Clayton field 
which represents Harrison silt loam con- 
taining 3,600 pounds an acre of total 
nitrogen produced bluegrass which con- 
tained 150 pounds of protein and 3.2 
pounds of phosphorus per ton of air-dry 
hay. The Easton field representing the 
more fertile Harpster clay loam produced 
bluegrass which contained 162 pounds of 
protein and 3.6 pounds of phosphorus per 
ton of hay. The Kentucky bluegrass 
grown on the Harpster clay loam con- 
tained approximately 19 per cent more 
protein and 125 per cent more phosphorus 
than did the hay from the low fertility 
Ava silt loam which is typical of a large 
area of the southern Illinois hill lands. 
When differences of such high propor- 
tions as these are found it is not unlikely 
that animals fed too long on this phos- 
phorus-deficient grass may suffer from 
diseases peculiar to such a deficiency. 
The results for the bluegrass on the 
treated soils for the three fields were not 
exactly comparable because of variations 
in the amounts and kinds of fertilizers 
used. However, these results do indicate 
the enormous possibilities of these soils 
when well treated. The protein content 
was more than doubled by the use of 
nitrogen fertilizers while the phosphorus 


content on the Ava soil was doubled by 
the use of phosphate fertilization. Am- 
monium sulfate supplied the nitrogen 
fertilizer at Easton and Clayton while 
sodium nitrate was used at Elizabeth- 
town. Superphosphate supplied the phos- 
phorus at Elizabethtown and Clayton 
while at Easton the phosphorus was sup- 
plied by soybean meal. 

The Kentucky bluegrass from the three 
fields (Table 1) was harvested at approx- 
imately the same stage of growth—full 
maturity. It is not probable that any 
considerable part of the differences was 
due to variations in the stages of growth 
of the grass. 

The hay values in Table 1 are based 
alone on protein content at five cents per 
pound, This value is obtained from the 
market price of high-protein feeds such 
as tankage, soybean meal, alfalfa meal, 
etc. 

The results in Table 2 show that soils 
in a relatively low state of fertility do 
not always produce grain of a low feed- 
ing value. The Kewanee field represent- 
ing Muscatine silt loam with a total 
nitrogen content of 7,720 pounds an acre 
produced corn grain with 2.35 per cent 
less protein than that on the Enfield field. 
The last named field represented Bluford 
silt loam with a total nitrogen content of 
3,100 pounds an acre. On the basis of the 
above protein content and valuation, the 
corn from the Enfield field was worth six 
and one-half cents per bushel more than 
the corn from the more fertile Kewanee 
soil. The Enfield grain had also a 
slightly better phosphorus content. 

In this experiment, hybrid corn was 
used with identical soil treatment 
(RLPK) consisting of residues, lime- 
stone, rock phosphate, and potash. 

Phosphorus and protein content of 
wheat grain, presented in Table 3, shows 
a decidedly lower content for grain 
grown on soils of relatively low levels of 


TABLE 1.—CoMmposITIQN OF Kentucky BiureraAss From THREE Distinct FErtILity 
LEVELS REPRESENTING BoTH TREATED AND UNTREATED SOILS 





























| | Hay—Untreated soil Hay—Treated soil 
Experiment field a ‘ in 
| on H on 
| Protein am Phos. Protein nie Phos. 
| 
| 
Ibs./A. | Ibs./T. | Ibe./T. | Ibe./T. Ibs./T. 
Elizabethtown................---.------- | 1580 136°| $6.80 1.6 151 | $7.55 3.2 
Rh 215 Centiesuh aaah cas oeateans 3600 150| 7.50 3.2 226 | 11.30 5.8 
ih wisn ncanteadsacnsdadeeaelinibdiecs -| 4800} 168} 8.10 3.6| 386 | 17.75 5.0 
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TABLE 2.—PROTEIN AND PHOSPHORUS CONTENT OF CoRN GRAIN From Two Sorts WiTH 
IDENTICAL TREATMENT 





























Protein 
. Soil Soil Corn Phosphorus 
Experiment field treatment | TotalN | grain l Lbs. /bu. 
Perct. Lbs./bu. 

| 

Ibs./A. | bu./A. | 
i a ee RLPK..... 7720 91 9.25 5.2 4 
ER RRR ant ena rRegS RLPK....- 3100 82 | 11.60 | 6.5 | 15 








fertility. The Minonk field representing 
Drummer clay loam with a high nitrogen 
and phosphorus content on untreated land 
produced wheat grain which had 57 
per cent more phosphorus and 13 per cent 
more protein than wheat grown on the 
Toledo field which represents Cisne silt 
loam with a relatively low nitrogen and 
phosphorus content. 


Soil treatment which included a phos- 
phate fertilizer gave an increase in phos- 
phorus content of the grain of 64.2 
per cent on the less fertile Cisne silt 
loam, while on the more fertile Drummer 
clay loam there was no apparent effect 
of the treatment on the phosphorus con- 
tent of the wheat grain. 


These data, although somewhat limited 
in scope, indicate that a decidedly un- 
favorable nutritional condition may exist 
in both food material and animal feeds 
due to low levels of fertility elements in 
our soils. 

The above quotations regarding the 
effect of soils on the health and welfare 
of animals may appear to involve rather 
serious problems. We may be inclined to 
believe that these statements apply to 
some far-removed part of the country and 
dismiss them as problems which do not 
concern us directly, However, even a 
limited study of Illinois soil conditions 
indicates that the foregoing statements, 
serious as they may be, may at some time 
apply directly here in this state. 


TABLE 3.—PHOSPHORUS AND PROTEIN CONTENT OF WHEAT GRAIN FROM Two Soirs 
TREATED AND UNTREATED 














Untreated soil Phosphorus content of grain Protein content 
Experiment field 
Total N | .Phos. /Untreated| Treated | Increase |Untreated| Treated 
lbs./A. | Ibs./A. | lbs./bu. | Ibs./obu. | perct. | Ibs./bu. | Ibs./bu. 
| SEPIA Sa EE ee TET Re 6320 130 ee 22 0 mn es 
iis ccucisntitingsbasduccdeaiehmciee 2480 18 14 -23 64.2 6.9 6.9 
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WHAT ARE WE DOING WITH CASTOR BEANS? 


W. L. Burtison anp R. F. FUELLEMAN 


University of Illinois, Urbana, Illinois 


The castor bean, fruit of Ricinus com- 
munis, a species belonging to the spurge 
family (Euphorbiaceae), has been culti- 
vated for various purposes since Biblical 
times. It is the Palma Christa of the 
Egyptians, sometimes referred to as 
Jacob’s gourd, and was the source of oil 
used in making papyrus. Ricinus is a 
Latin term meaning dog-tick, which the 
seed was thought to resemble. 

Although the original habitat of this 
species was Africa, commercial produc- 
tion was and still is centered in Brazil 
and British India. Most North American 
supplies have been imported from Brazil. 
During the 19th century a number cf at- 
tempts were made to introduce commer- 
cial production in the United States, par- 
ticularly in southern areas. Between 
1860 and 1916 castor beans were grown as 
a farm crop in some sections of Kansas, 
Oklahoma, Missouri, and Illinois. In 1879 
Kansas produced a total of 750,000 
bushels.” In 1918 castor beans were 
grown in many southern and western 
states to provide oil for special purposes. 
Several thousand tons were produced, but 
following the war importations increased 
and domestic interest declined. Since 
then a few beans have been grown, chiefly 
for experimental purposes. 

Adaptation.—The crop is adapted to a 
wide range of soil and climatic conditions. 
Commercial production, however, is con- 
fined within the territory south of the 38 
parallel of latitude. 

Observations indicate that on rich soils 
castor bean plants grow vegetatively 
without a corresponding production of 
seed. On soils of average fertility, seed 
yields are more closely correlated with 
vegetative growth. 

Commercial varieties are for the most 
part annuals attaining an average height 
of approximately six feet in south central 
Illinois. Seeds are about the size of large 
beans and contain from 35 to 55 per cent 


Albe, Heterocyclic Compounds, 


3 Jamieson, Geo. S., Vegetable Fats ro “Oils. 


York. 1932. 


oil. These beans are found in spiny pods 
with a ratio of 65 to 80 per cent bean to 
hull by weight. 

Composition of Castor Bean Plant and 
Oil—The castor bean plant contains a 
substance, ricin, which is considered as 
having potential use in insecticides. In 
addition to oil, the seeds contain an 
alkaloid, ricinine, a poisonous substance 
belonging to the heterocyclic series of 
compounds of the pyridine group. The 
composition was determined by synthesis 
by Spath and Koller.’ Castor oil contains 
a considerable percentage of the esterols 
of palmitic acid and ricinoleic acid, the 
latter having a _ replaceable hydroxyl 
group. This is mentioned because this 
factor is important in the dehydration 
process and its subsequent use as a dry- 
ing oil. 

Castor oil is a viscous liquid of the 
fixed oil group having a specific gravity 
of 0.958 to 0.968 at 15°C. The iodine 
number is 82 to 90, and the saponification 
value is 177 to 187. It is soluble in alco- 
hol, ether, and petroleum ether.’ 

Imports of Castor Beans and Utilization 
of Oil—Imports of castor beans increased 
very materially during 1940, reflecting a 
growing demand for castor oil for indus- 
trial use. See Table I. 

Small quantities of castor oil are used 
for medicinal purposes, but most of the 
oil is used in the manufacturing and 
processing of industrial products such as 
artificial leather, soap, ink, linoleum, 
lubricants, paints, varnishes, and for use 
in dyeing fabrics. During World War I, 
castor oil was used extensively as a lubri- 
cant for airplane motors. It still has a 
place as a special lubricant and as a 
recoil absorbing liquid in armaments. 

Investigations on Castor Beans and Oil. 
—Research on the castor bean is divided 
into agricultural and industrial. investi- 
gations. It is difficult to separate these 
phases along clear-cut lines for both are 


a ay and ‘Sievers. Mimeo. pub. 1903 ‘ A. 
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TABLE 1.—ImportTs OF CASTOR BEANS AND 
ESTIMATED UTILIZATION OF CASTOR OIL 























Imports of | Consumption 
Year by drying 
ae industries 
1000 Ibs. 1000 Ibs. 
77,049 3, 858 
164,077 4,794 
146, 808 7,722 
114, 072 6, 043 
| EES 162, 611 11, 844 
og aE 237,789 24, 858 
interdependent. Agricultural research is 


concerned particularly with the produc- 
tion of the crop, including studies of en- 
vironment, varieties and their soil 
adaptation, oil production, composition, 
cultural methods, and the development of 
machinery for harvesting. This brief 
statement encompasses a _ far-reaching 
program of agricultural research which 
eventually purposes to care for the war- 
time needs of the nation. 

Research in  industrial-chemurgical 
chemistry employs a utilization of prac- 
tically all raw materials making up any 
part of the castor bean plant. 

What Are We Doing With Castor 
Beans?—The Illinois Agricultural Experi- 
ment Station began preliminary work on 
this crop in 1938 with some large flower- 
ing varieties which were unsatisfactory 


in maturity and yield. In 1939, three 
varieties were obtained from the U. S. 
Department of Agriculture and one from 
Kansas. Small test plantings were made 
and the beans harvested. Increased 
plantings of these varieties were made in 
1940. In 1941, a number of new varieties 
were obtained. These were included in 
the tests which were made at several loca- 
tions in south central and southern IIli- 
nois. Yield data from three locations are 
shown in Table 2. 

In addition to beans, in 1941 stalks 
were also harvested. Field observations 
have indicated these stems were strong 
and fibrous. Sample yields, following a 
period of field curing and drying, aver- 
aged approximately 5,000 pounds for all 
varieties. This material has considerable 
promise for use in the manufacture of 
paper boxes. 

Plant Breeders Work on Improvement. 
—A number of important factors con- 
tribute to the difficulties of economical 
production of castor beans. A few are 
included here: (1) Nonuniform ma- 
turity, making it difficult to harvest all 
beans in a single picking; (2) tendency 
to shatter; (3) nonuniform height; and 
(4) some promising varieties mature too 
late in northern areas. The time elapsed 
since the initiation of this work has been 
too short for workers to obtain little 


TABLE 2.—CasToR BEAN YIELDS FoR 1939, 1940, AND 1941 aT URBANA, Drxon SPRINGS, 
AND ALHAMBRA, ILLINOIS 



































Yield 
Variety 
1939 1940 1941 Average 
Urbana—Central Illinois Ib/A Ib/ lb/A lb/A 
66 1554 1012 
701 1376 1 

1624 1275 

1570 1294 

1684 1684 

Gonna’ =—_ femme) SEO ae ey CMA ES PT MR Te 1544 1544 

SR eee! SR, SERS 1296 1296 

ay hty 11 (Texas) PRE SEE TA LO, CSET ELS LSE s 1738 1738 

oe Scandi adnenenuacadiakaadseatakaednesidneed 1596 1596 

Dizon Springs—Southern Illinois 
III 6 ot in hen haedwadebaececuscsckelvncntanmacsase 495.0 548.0 521.5 
SE ees SS 525.0 615.0 570.0 
RE eae cao th eulecs bugdebauibescedébuchadibasuendadanine 490.0 595.0 542.5 
NN lil dh itis Senhagtn cael ckbnabaidudedjbehicemainaebnnsad&onu 332.0 672.0 502.0 
Alh bra—South n Illinois 

I ee Rasa kninscasubndalnasibuadshaiettsepuensbaaaans 824.0 824 

OL RSA SS I RRA I RE SE NEMS Serer ae ea 1016.0 1016 

ER oe on ce cee ek oe ty 746.0 746 

SSE TER ee Ne oar OE 904.0 904 

MG Kentucky---......- 952.0 952 

Conner Type (Texas)... + ion 840.0 840 

a EER LSS Se ir oe oak KSEE Me ITER 820.0 820 
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more than an indication of definite favor- 
able trends which should lead to a solu- 
tion of these problems. 

Culture and Harvesting Castor Beans. 
—The planting and subsequent cultivation 
of castor beans are similar to corn, but 
the harvesting operations are more diffi- 
cult. Significant research on _ better 
methods and means of harvesting and 
threshing this crop is under way. 

In Illinois, castor beans are usually 
planted during May, depending upon soils 
and climatic conditions. Hand corn 
planters have been used, but it is pos- 
sible to utilize regular corn planting ma- 
chinery by substituting plates of correct 
sizes in the drill boxes. Rows are usually 
40-42 inches wide, and plants are spaced 
either 36 or 40 inches in the row. 
Germination and emergence require ap 
proximately two weeks. Weeds are con- 
trolled by two or three cultivations with 
the corn cultivator; however, little care 
is necessary until harvest time after the 
plants have attained a height of 18-24 
inches. 


Combines have been used and show 
considerable promise that field harvesting 
will replace hand picking. A number of 
hulling machines have been built for re 
moving beans from the capsules. The 
Illinois Agricultural Experiment Station 
evolved a small experimental huller 
which has been satisfactory. This prob- 
lem is well on the way to a solution. 

Agronomic research as proposed for 
1942 is both intensive and extensive. A 
number of experiment stations are work- 
ing in cooperation with the U. S. Depart- 
ment of Agriculture in a series of studies 
including the following: (1) Variety 
studies in 22 states; (2) planting dates in 
five states; and (3) spacing tests in five 
states. These are in addition to genetic 
studies already initiated. 

Castor beans, as a crop, have shown 
the most promise in the large area be- 
tween the cotton belt on the south and 
the corn belt on the north, centered near 
the southern tip of Illinois. It is realized 
that competition with other crops for 
space and labor limits this crop to the 
designated area. 
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From the extreme reduction in grain 
yield associated with the removal of all 
blades (1, 2, 3) from maize plants one 
might conclude that no filling of the 
grain takes place after defoliation. In 
order to get data on this question a field 
trial was made using U. S. Hybrid 13 
(WF9 x 38-11) (Hy x L317) in the sum- 
mer of 1941 at Urbana, Illinois. 

In a block of two-plant hills twenty 
were selected which contained plants of 
approximately equal size. On August 15, 
when the kernels were in the roasting-ear 
or milk stage, the ear from the north or 
west plant in each hill was harvested. 
The ear on the other stalk was allowed to 
mature before it was harvested. From 
another group of twenty twin-plant hills 
both the blade and the sheath were re- 
moved from the north or west stalk. 
(Fig. 1) The other plant in these hills 
was uninjured. Ears from both were left 
on the stalks until normal time of 
harvest. From another group of twenty 
selected hills the north or west plant was 
treated by removal of the blades only. 
The neighbor plant in each hill of this 
group served as an untreated check. 


Each ear was harvested in mid-Novem- 
ber 


and tagged separately so that the - 
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RELATIVE PHOTOSYNTHETIC CAPACITY OF STALKS, 
LEAF SHEATHS, AND LEAF BLADES IN MAIZE AS 
MEASURED BY THE CONTRIBUTION EACH MAKES 
TO THE DEVELOPMENT OF THE GRAIN 


GrorGE H, DUNGAN 


University of Illinois, Urbana, Illinois 


yield of the treated plants could be com- 
pared with that of the untreated checks 
in the same hill. The results are pre 
sented in Table 1. 











Fig. 


1.—Stalks of corn illustrating both 
blades and sheaths removed (left); blades 


and 
(right). 


removed but sheath intact (center); 
both blades and _ sheath intact 
(Drawing by Dr. Carl Mohr). 


TABLE 1.—YIELDS oF CoRN PLANTS TREATED WHEN THE KERNELS WERE IN THE MILK 
STaGeE BY (1) HarvestTine Ears, (2) RemMovina BotH BLADES AND SHEATHS, AND (3) 

































REMOVING THE BLADES ONLY CoMPARED WITH NoRMAL UNINJURED PLANTS. URBANA, 
1941. 
Yield 
Treatment applied when kernels on the ears Swermnseyere Test weight | Weight of 
were in the milk stage per bushel | 1000 els 
Shelled corn | Cobs 
| bu | Ihe Ibs. 

RS a | 19.7* 690.8* 38.7 88.2 
All blades and sheaths removed. ._.........-....-..--..- 26.8 621.3 45.8 104.0 
a ON DN a nek nheneicccesonccicsccsousnsecd | 80.0 | 630.7 | 47.9 126.1 
None (normal, uninjured plants)......................._. 843.2 58.9 | 295.4 








significance as compared with the untreated check. 


* Italicized data were accompanied by odds according to Student’s method high 
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Yield of shelled corn (Fig. 2) was 
lowest when the ears were harvested on 
the day the other plants were defoliated. 
This yield was about 7 bushels an acre 
lower than that obtained from plants 
having both blades and sheaths removed. 
The source of this greater yield may be 
in the photosynthesis by the chloroplasts 
in the green stalk, and in the transloca- 
tion of reserve materials from the stalk 
and cob after the leaves were removed. 

The yield of plants carrying leaf 
sheaths, but no blades, was a little over 
3 bushels an acre more than that of 
plants from which both the sheaths and 
blades were cut away. This difference 
represents the photosynthetic activity of 
the sheaths. Taking off all blades at this 
stage of ear development lowered the 
yield 51 bushels an acre compared with 
plants on which the blades were allowed 
to remain. 

The weight of cobs was about 70 
pounds an acre greater when the ears 
were harvested in the milk stage than 
when all the blades and sheaths were re- 
moved at that stage. This indicates that 
the cobs of early harvested ears may have 


contained some grain-forming materials 
which, because of being removed from 
the stalk, were not translocated to the 
kernels. 

Compared with ears harvested in the 
milk stage, ears left on stalks which were 
deprived of both blades and sheaths 
showed an increase in grain yield of 36 
per cent, a decrease in cob weight of 10 
per cent, an increase in bushel weight of 
18 per cent, and an increase in weight of 
1,000 kernels of 18 per cent. Leaving the 
ears on stalks from which the blades only 
were removed was associated with an in- 
crease in grain yield of 52 per cent, a de 
crease in cob weight of almost 9 per cent, 
and increase in weight per bushel and 
weight of 1,000 kernels of 24 and 43 
per cent, respectively. Permitting the 
ears to remain on uninjured stalks until 
complete maturity increased the yield of 
shelled corn 312 per cent, the weight of 
cobs 22 per cent, the bushel weight 52 
per cent, and the weight of 1,000 kernels 
235 per cent. 

Thus, the yield of shelled corn was 
made up of contributions as follows: 36 
per cent from the green stalk alone, 17 





2.—Representative kernels of maize produced by plants treated when the grain 


Fig. 
was in the milk stage by (A) harvesting the ears, (B) removing both blades and _ sheaths, 
(C) removing the blades, in comparison with (D) normal mature kernels produced on 
non-defoliated plants. 
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per cent from the leaf sheaths alone, and 


259 per cent from the leaf blades alone. 1. 


Considering only the development made 
after treatment, the bare stalk was re- 
sponsible for 11.5 per cent, the leaf 


sheaths for 5.5 per cent, and the leaf 3. 


blades for 83.0 per cent of the increase in 
yield of shelled corn. 
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WAR PRODUCTION AND SOIL CONSERVATION IN 


ILLIN 


OIS 


OrEN L. WHALIN 


University of Illinois, Urbana, Illinois 


If “food will win the war and write the 
peace,” as the Secretary of Agriculture 
has said, Illinois farmers have a very im- 
portant part to play in accomplishing the 
desired result. Farmers are being asked 
to increase production, especially of ani- 
mal products—milk, eggs, pork, lard, 
beef; vegetable oils — soybeans, peanuts, 
flax; and vegetables. The increases are 
needed both for domestic consumption 
and for use of the allies. Not only is Illi- 
nois an important livestock state, but is 
very important in both corn, the leading 
feed grain, and in soybean production. 

Illinois crop acreage has been shifting 
from more erosion-causing crops to 
erosion-control or prevention crops since 
the AAA program came into existence. 
The accompanying table lists the impor- 
tant Illinois crop acreage for the 1930-32 
period, 1941 and intended for 1942. 
Under the AAA program corn and small 
grain acreage decreased and hay and ro- 
tation pasture increased, up through 1941. 


Soybeans increased greatly during this 
period, partly because of the AAA pro- 
gram and partly as the natural develop- 
ment of this new crop. (See Table 1.) 
The shift in crop acreage was accom- 
panied by increased yields so that total 
production was maintained. This acre- 
age shift, accomplished through the 
emphasis of the AAA, the Soil Conserva- 
tion Service, and the teachings of the 
Agricultural Extension Service, was ac- 
companied by increased use of limestone, 
contour farming, terracing and deep 
rooted legumes. Limestone use averaged 
405,000 tons for the state for the period 
1930-32, compared with 2,650,000 tons in 
1941. Alfalfa hay increased from an 
average of 253,000 acres for the period 
1930-32 to 583,000 acres in 1941. The 
sweet clover acreage increased from an 
average of 835,000 acres for 1930-32 to 
1,243,000 acres in 1941. Illinois farm ad- 


-visers reported that 66,000 acres were 


contour farmed and 30,000 acres were 


TABLE 1.—ACREAGE OF IMPORTANT CROPS IN ILLINOIS, 1930-32, 1941, anp 1942 INTENTIONS 

















Crop 1930-32 1941 1942 Intentions 

IIB ceccccccccncecccctaccccouscccspecccescctvscccnccescuse 9, 603, 000 7, 645, 000 8,027,000 
Win oi eos dn skackspunso ctabaarcepeuchbeabbeaetenusna 1,932, 000 1,776,000 1,226, 000 
CE titdinbotinnd cteiddacunpobnartnastnncctanqennisvanvoonted 4,337,000 3,584,000 3,571,000 
EES CRED SS Sere Deane Stes eee 343, 000 135, 000 200, 000 
SS RTE VRE ee een eo cee eee ee 810, 000 2,743, 000 3,703, 000 
TRAD on ndh i cintcdinsiincndacksves seosachutereesanigal 2, 554, 000 2,698,000 2,750, 000 
shan Sac Bistcmess ae ite ies sclickesecs asked 19, 579, 000 18,581,000 19, 477,000 
NG iia cmicitanndinehacsiennaordiacnnemagen 10, 413, 000 10,388, 000 11, 730, 000 
Fis kcicencnsndasesenacdntontanagsenseconscennpinn 612, 000 5,495, 000 4,997,000 
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terraced in 1941. The use of phosphates 
increased greatly also. Erosion was def- 
initely being checked, fertility was being 
improved and crop yields were increasing 
as a result of the shifts being made in 
Illinois farming. 

Under the war production program 
goals have been set for 1942. Increases 
were asked for most crops and for all 
livestock and livestock products. Two 
important exceptions in 1942 were wheat 
and oats. The wheat supply was exces- 
sive and soybean increases were being 
asked for in place of part of the oat 
acreage. 

Farmers’ intentions in Illinois for 1942 
(Table above) indicate that feed grains 
and wheat will be held pretty well in line 
with the goals set for them and the soy- 
bean acreage will exceed the goal. The 
combined acreage of corn and soybeans 
planned shows a 13 per cent increase 
above the 1941 harvested acreage while 
small grains indicate a 9% decrease due 
largely to the drastic decrease in wheat 
acreage. The wheat acreage decrease was 
partly due to weather conditions. The 
hay acreage is expected to be slightly 
larger than in 1941, but the rotation pas- 
ture is likely to decrease in favor of soy- 
beans. . 

Legume seedings are not expected to in- 
crease in 1942 and it is very doubtful if 
limestone applications can be maintained 
at the level prevailing during 1940 and 
1941. This shift in crop acreage for 1942 
will undoubtedly increase production of 
the crops especially needed, as well as 
total production and will remove more 
soil fertility. Less soil conservation and 
improvement is likely to be practiced. 

The period of war production will ex- 
tend beyond 1942; in fact the period most 
often mentioned is five years. Thus pro- 
duction without seriously increasing soil 
erosion becomes a paramount problem. 
Both crop and livestock production must 
be and will be forthcoming. To the ex- 
tent that the livestock is produced on the 
same farms as the feed that they con- 
sume, the soil conservation problem will 
be minimized, both because of the rota- 
tions followed and because of minimum 
loss of fertility where the manure is prop- 
erly handled. 
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The goal of production is the greatest 
total production over the five year period. 
To secure this maximum production it 
will be necessary to use the soil to the 
utmost, but it will also be necessary to 
grow enough legumes and to carry on 
sufficient soil building practices so that 
the soil will continue to produce approxi- 
mately as much as it has in the past. 

Conservation is the key to securing 
maximum production. Conservation is 
“use without waste.” To obtain this 
maximum production without serious 
waste the following suggestions are 
offered: 


1. Farm the level, highly productive 
land harder rather than plow up the 
rougher, poorer land that would be sub- 
ject to severe erosion when planted to 
a cultivated crop. 

2. Seed all small grains to a legume. 

3. Make sufficient seeding of legumes 
and grasses each year to assure an ade- 
quate supply of hay and pasture in the 
following year. 

4. Contour clean-tilled and small grain 
crops on sloping land to increase yields 
and save soil and water. 

5. Apply limestone, phosphate, and 
other fertilizers, where needed, to the 
maximum of availability and feasibility. 

6. Make special effort to get barnyard 
manure out on fields where greatest re- 
turn in production will result and refrain 
from wasteful burning of crop residues. 

7. Leave wide grassed waterways in 
fields being broken out of sod, and estab- 
lish new grass waterways in the natural 
drainageways in other fields. 

8. Use terraces and strip farming 
where it appears desirable to cultivate 
land too steep to be handled satisfactorily 
with just contouring. 

9. Plant soybeans on level land as far 
as possible. Where planted on sloping 
land, plant on the contour and follow 
with winter cover crop. 

10. Adjust rotations in line with goals, 
and the physical and fertility character- 
istics of the soil. 

Through maximum use of the above 
practices it should be possible to obtain 
the production being asked for without 
serious permanent depletion of the soil 
during the war period. 
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USING THE SLOPE MAP AS A BASIS FOR FARM 
PLANNING 


BuRDETTE GRAHAM 


Prairie City, Illinois 


The almost universal pattern for laying 
out farms into fields has been that of a 
number of equal sized fields of rectangu- 
lar or square shape. The fact that the 
topography of the field many times varied 
from level to slopes of as much as 15 
per cent did not receive much considera- 
tion in planning for fence lines. Fields 
which were made up of various degrees 
of slope, usually could not be farmed so 
as to get a good profit from the soil and 
at the same time not lose the top soil by 
erosion. In making a good farm plan 
one should consider the capacity of the 
land to produce and still remain in place 
and maintain or improve in fertility. As 
a basis for a good farm plan the slope 
map provides information on field ar- 
rangement and selection of crops, as the 
greater the slope in length or per cent, 
or both, the greater the erosion hazard 
and the more crop protection necessary. 
The slope of the land gives a good indi- 
cation of the amount of surface soil re- 
maining or the amount that will be re 
maining if ordinary farm arrangement is 
continued. 

The slope map of a farm is made by 
reading the slope of an area with a level 
such as the Abney Hand Level and 
sketching the area on a map of the farm. 
Usually 5 or 6 elasses of slope are used, 
these being: Level (0 through 1 
per cent), Gently rolling (2 through 4 
per cent), Rolling (5 through 9 per cent), 
Rough (10 through 14 per cent) and 
Hilly (15 per cent or above). Each of 
the above classes is given a color and all 
of the like slopes are colored on the map 
in one color. Field arrangement is then 
made up to include like areas in the 
same system or rotation. The field ar- 
rangement can easily be determined by 
placing an outline map of the farm over 
the colored map and sketching in field 
lines. Fences will not always divide a 
farm into four equal and uniform shape 
and size fields, but they can be placed so 
that a series of uniform size fields with 
uniform topography can be included in 
one rotation. 


The level land will stand a rotation 
with more cultivated crops and less 
meadow than will the next class in steep 
ness. Likewise the level land will need 
less protection from mechanical measures 
such as terraces, contour farming and 
grass waterways than will the next class 
with greater slope. 

Using Slope Map—If such mechanical 
measures are used then a stronger rota- 
tion can be used on the areas with more 
slope. To illustrate, consider the field of 
3% slope which without any protection 
would need to be served by a rotation 
such as, Corn, Small Grain, Meadow, 
Meadow. The same field, if contour 
farmed could stand to have a rotation 
with one more year of corn, or perhaps 
one year less of meadow. 

The shape of fields can be planned so 
that the rows of crops can be on the 
level and not up and down the slope. 
Many times this can be accomplished by 
only moving one fence to run at right 
angles to the old line. In other cases 
fences may be on a curve or diagonal. In 
many cases long slopes can be divided by 
fences or strips of crops so that accumu- 
lation of large volume of water is 
hindered as much as possible. 

Areas that are too steep can be ar- 
ranged for pasture while those which are 
not convenient for pasture or are too 
steep for grazing can be set aside for 
tree plantings. 

Using the slope map as a basis for 
planning and supplementing it with 
other points for consideration in plan- 
ning make possible a plan which will 
make fullest use of the capability of the 
land and protect it from erosion. With- 
out consideration of the slope of the land 
much needless waste of the top soil and 
surface water takes place. Certainly 
both the surface water and surface soil 
must be controlled if maximum produc- 
tion is to be secured. That slope map 
gives a sound basis for planning a farm 
so as to conserve soil and water, 
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EDUCATION FOR OUT OF SCHOOL RURAL YOUTH 


D. E. LINDSTROM 


University of Illinois. Urbana, Illinois 


Do rural young people who are now out 
of school get much further education 
other than the training that comes from 
experience? To what extent do they drop 
out of school before finishing high school 
or college? Do they want to continue 
their education? If they had the chance 
for further education, what would they 
want? These are questions a recent Ran- 
dolph county rural youth study carried 
on by the Agricultural Experiment Sta- 
tion in cooperation with the U. S. De 
partment of Agriculture, Division of 
Farm Population and Rural Welfare and 
the county farm adviser, the Randolph 
County Rural Youth Group, and AAA com- 
mitteemen in the county, sought to an- 
swer in January, 1941. The study in- 
cluded: years of school, extent of voca- 
tional education, and additional training 
desired. The data were secured, from 
1,040 farm and nonfarm rural youth, age 
18 to 30 years. 

Extended Schooling.—tThe first question 
naturally asked is, when do these rural 
youth drop out of school? In Randolph 
county almost two-thirds of the young 
men and over one-half of the young 
women dropped out after finishing the 
eighth grade. One in five of the young 
men and one in four of the young women 
finished high school, but only one in 
twelve of the young women and less than 
2 per cent of the young men went on to 
college. 

Why do such a large number of rural 
youth drop out of school after finishing 
the eighth grade? There may be several 
reasons: Young men feel that they need 
to get started in farming. Both young 
men and young women feel that high 
schools offer them little in the field in 
which they are interested. The parents 
of these rural youth may need them at 
home. They may feel they cannot afford 
to go on to school, or they may feel that 
they cannot keep up in dress, manner, or 
studies with those in high school. Farm 
young women, especially, may have been 


led to feel that an eighth grade education 
was enough for them. 

Doubtless, many of those who went on 
to high school wished to do something 
other than farming. This is especially 
true of the young women. Most of the 
rural youth who went on to college went 
for a period of only two years and ob- 
viously were preparing to become teach- 
ers or to get a business college training. 

Vocational Training—Opportunities in 
vocational training are limited in Ran- 
dolph county to agricultural departments 
in the high schools of Chester and 
Sparta; home economics is offered in 
Sparta, Chester, and Red Bud. Of a total 
of 615 rural young men only one in 
twelve had taken any vocational training. 
One in 25 had vocational agriculture and 
one in 50 had taken a business course. 
More than nine out of ten young men in 
the county depended upon experience and 
training other than in school to fit them 
for the vocation of farming. 

One out of six of 427 rural young 
women took some form of vocational 
training. About half of these took a busi- 
ness course; less than one in twenty took 
home economics. Of those going to high 
school, one in three had some business, 
home economics, or teacher training. 
Evidently most of them were looking to- 
ward nonfarm occupations. The majority 
of the girls who went on to farms had 
no public school vocational training, yet 
most of them went into the vocation of 
home making. 

Additional Training Desired. — More 
than half of the out-of-school rural young 
men in Randolph county wanted addi- 
tional vocational training. Over one- 
fourth wanted additional training in semi- 
skill vocations, one-sixth in agriculture, 
and one in twenty in the professions. 
Only one-third of the out-of-school rural 
young women wanted additional training; 
half of these wanted it in home econom- 
ics, about one in twenty wanted clerical 
training, and about one in twenty wanted 
professional training. 
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Though half of the out-of-school rural 
young men in Randolph county expressed 
a desire for additional vocational train- 
ing only one in twelve was getting it. If 
a program of training work develops, it 
doubtless should include both agriculture 
and the semi-skilled trades. About half 
of the young women wanting additional 
vocational training seem to be getting it. 
Additional training opportunities should, 
therefore, include training in home eco- 
nomics and training for clerical and pro- 
fessional work. 


Expansion in classes and other oppor- 
tunities for additional training for out- 
of-school rural youth, should evidently 
come in the fields relating to agriculture, 
home economics, semi-skilled trades, cler- 
ical occupations and the professions. Ef- 





forts to expand the program should recog- 
nize the need for coordination of exten- 
sion work, vocational agriculture, home 
economics, and other efforts to offer out- 
of-school training for rural youth so that 
the program could be developed on a uni- 
fied basis in the county. This is espe- 
cially desirable in view of the war needs, 
and the movement of a large number of 
rural youth out of the country into the 
army and into war industries. It will be 
equally valuable when the war is over, 
and when the rural youth begin to come 
back into the county to find jobs. A uni- 
fied guidanee and training program 
should, and can, be developed for rural 
youth in Illinois. It will require coor- 
dinating the effort of all of those who are 
now working in the field of training of 
youth for rural life. 
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PAPERS IN ANTHROPOLOGY 


FRoM THE REPORT OF THE SECTION CHAIRMAN 


This section carried 6 papers, 2 of which, including one abstract, are here- 
with published, plus one from the Collegiate Section. Titles and authors of the 
four papers not published are as follows: 


Barioaa, F. L., Peoria, Illinois, Indian trail markers. 

GriFFIN, J. W., Daytona Beach, Fla., T'ree ring dating in the Middle West. 
Link, GEorGE M., Report on the Archaeology of Pere Marquette State Park. 
Wray, D. E., Peoria, Illinois, Analysis of archaeological sites. 


Fifty persons attended the meeting and elected Ben Nussbaum, Fairbury, 
Iilinois, chairman for the 1942-43 meeting at Jacksonville. 
(Signed) Donatp E. Wray, Chatrman 
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ARCHAEOLOGICAL HORIZONS IN SOUTHERN ILLINOIS 


JoHN W. BENNETT AND MorEAU MAXWELL 


University of Chicago, Chicago, Illinois 
Abstract 


In the past 5 years excavations by the 
University of Chicago, in Massac County, 
the Carbondale State Normal in Jackson 
County, and of the St. Louis Academy of 
Science in the St. Louis region, have been 
centered upon the problem of north-south 
transitional cultures. This work has 
shown a number of interlocking culture 
sequences that has assisted in redefining 
the significance of the Fulton County se- 
quences, established by Cole and Deuel. 
The general periods into which this ma- 
terial falls will be discussed briefly: 

Non-Pottery Period—This horizon is 
represented by artifacts found in the 
lowest levels of the sites excavated by 
Moreau Maxwell for Southern Illinois 
Normal University. It is also represented 
at the Kincaid site in Massac County. 
In these two areas the material is re- 
lated to the shell-mound cultures of the 
Southeastern United States. Robert 
Adams, excavating for the St. Louis 
group, has also found a pre-pottery level, 
but it is probably unrelated to the others. 
Early Woodland Period—tThis period is 
represented by heavy, grit-tempered, cord- 
marked or plain pottery at Carbondale 
and St. Louis. The material occurs in 
the lowest levels of the sites with cul- 
tures typical of the Mjddle Woodland 
period. Artifacts seem to be crude Wood- 
land forms. Middle Woodland Period— 
In this horizon a number of different cul- 
tures developed. At Kincaid two South- 
eastern cultures seemed to represent the 
northwestern end of a culture develop- 
ment in the Tennessee Valley. One of 
these (Baumer) featured fabric-im- 
pressed, limestone-tempered pottery; the 
other (Lewis) had clay-grit tempered, 
cordmarked pottery. At Carbondale a 
similar sequence occurred, only in this 
area the Baumer material received an in- 
trusive influence of Illinois Hopewellian 
from the north. In the St. Louis area 
some of the Early Woodland cultures con- 
tinued. These various cultures also had 
semi-permanent log-post houses, elaborate 


Woodland stone tools, and some bone 
artifacts. 

In Fulton County this period was rep- 
resented by Hopewellian and Central 
Basin. Black Sand and Red Ocher may 
belong to the preceding period, but also 
continued into Middle Woodland. Classic 
Middle Mississippi—aAll areas received 
strong overlays of this culture. At Kin- 
caid, the period was represented by a 
large Mississippi manifestation of a 
Southeastern type; at St. Louis the “Old 
Village” type of Cahokia culture flour- 
ished. “Trappist” or “Bean Pot” type of 
Cahokia material probably began develop- 
ing in this period. Late Middle Missis- 
sippi— Late Woodland Period.—Trappist 
cultures continued, and spread all over 
central and southern Illinois. In some 
areas, as at the Crable Site in Fulton, 
strong influences from Oneota cultures 
(Siouian) were noticeable. A Late Wood- 
land culture (Tampico) received Middle 
Mississippi influence. At Carbondale a 
local development of Late Woodland (Dil- 
linger) shows a continuity from the 
earlier Middle Woodland cultures. 

General Remarks.—The Korando Site, 
in Jackson County, occupies a _ special 
place inasmuch as it is contemporaneous 
with the Middle Woodland period and 
probably extends through to Late Wood- 
land times. In this period its clay-tem- 
pered pottery appears in a Trappist cul- 
ture (Plattin) in the St. Louis area. 
Korando is the northern frontier of a 
clay-tempered pottery horizon in the cen- 
tral and lower Mississippi Valley. It pro- 
vides a link between the early and late 
horizons in Illinois. 

The basically Southeastern cultures are 
more or less “pure” at Kincaid; at Car- 
bondale they become mixed with northern 
facies; at St. Louis the Southeastern 
sequence can still be recognized, but it 
has become heavily modified by indigenous 
northern cultures. Farther north, in Ful 
ton County, the typical central Illinois 
sequences appear. 
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THE PROBLEM 


OF PRIMITIVE 


EDUCATION WITH 


PARTICULAR REFERENCE TO THE IBO OF NIGERIA* 


J. B. C. EtuKA OKALA 
Northwestern University, Evanston, Illinois 


Many defiflitions have been given to 
the word “education” by deans of psy- 
chology and education. Underlying all 
these definitions, there is an admission 
that education is what remains after all 
the Geometry, Latin, or Biology that has 
been learned is taken away. In other 
words, education is the process of orient- 
ing the child to the full utilization of his 
culture. Whether it has led him up into 
the fullest, noblest and most fruitful re- 
lationship with the world in which he 
finds himself, and thus has fitted him for 
the struggle of life is the significant con- 
sideration for education. 


We are not, however, concerned with 
“education” in terms of schools, colleges 
and universities. Our chief interest in 
this paper is: How did the native Afri- 
can in general and the Ibo in particular 
get his education and what kind of edu- 
cation did he get? To answer this query 
we must first make sure of the psychology 
behind the primitive form of education. 
It was an attempt of the adults to guide 
the future generation into the behavior 
patterns and value systems into which 
they themselves had been led. In other 
words, primitive African education is a 
legacy handed down from one generation 
to the next so that the practices and 
items of knowledge that were current 
during the great ancestors’ life-time might 
continue in forms as near as possible to 
the ancient customs and usages. 


In strict parallel to the modern theory 
which states that education starts at 
birth, the education of the Ibo child 
starts at birth. In Iboland there is a 
ceremony immediately after the birth of 
a child. This ceremony known as Maa- 
Maa consists of a chant by a group of 
men, women and children: 


Child when you grow up be a good 
man—Maa maa 

When you are a man have sense, 
have tact—Maa maa 


* Contribution from the Collegiate Section. 


When you are a man tell mother to 
buy you a hoe—Maa maa 

Then start to go to farm and work 
out yams—Maa maa 

Mother tells you word, hear [— obey] 

Father tells you word, hear [— obey] 


And in modern times such lines as the 
following have been incorporated: 


When you grow up ask mother to buy 
you slate—Maa maa 

That you may learn book and work 
out money—Maa maa 


The native belief is that the foregoing 
makes an impression on the undeveloped 
mind of the new-born child. The modern 
educational psychologist would, however, 
be relieved of his anxiety on hearing of 
such a wasted lesson period by reflecting 
on the fact that the grown-up children 
who joined in the ceremony were enabled 
to hear for themselves what took place 
at their own Maa-maa ceremony. 

For a long time the child receives no 
direct instructions as to his behavior. 
But his presence in the family as a new- 
born child affords the material for the in- 
struction of others. For example, the 
grown-up girls, who expect to be mothers 
some day, are given object lessons in the 
nursing and care of their own babies 
when they have them. 

Later, when the child is eight days old, 
the naming ceremony furnishes the set- 
ting for a historical survey of the family. 
Every Ibo name has a meaning and the 
meaning either summarizes the historical 
background of the child’s family or the 
circumstances of his birth or the hope 
of what the child will be. The review of 
family history included in these rites has 
an obvious effect on the half-grown chil- 
dren who are present. 

As we can see, then, the social signifi- 
cance of Ibo names is of considerable im- 
portance in the process of education. 
Names of outstanding warriors are given 
to children in order to immortalize the 











52 Illinois State Academy of Science Transactions 


achievements of great generals and fight- 
ers and also to provide suitable standards 
for the children to emulate. We say: 
“Agua onye afa chi ya analu”—If we give 
a name to a child, his god accepts it. This 
implies that the child will be expected 
to have supernatural aid in living up to 
the standards set by the great man whose 
name he bears. 

The child’s whole philosophy of life 
may be tempered by his knowledge of 
family feuds and injustices which are re- 
vealed in the names of the other children 
of the polygymous household to which he 
belongs. 

I shall now consider the first step men- 
tioned: Nursing. The Ibo give no solid 
or nourishing food for the first three 
days. During this time the baby is given 
only water. Because the mother’s milk 
is unfit for the child’s use at this time, 
treatment is given to make the milk 
healthy and useable. The child is nursed 
at 6 a. m., again at 9 a. m. or 10 a. m., 
and at equal intervals throughout the day 
and when it cries. A young maiden who 
may be privileged to study infant nursing 
observes in minutest detail the whole pro- 
cedure of nursing. She is free to ask 
questions but is regarded as a “dunce” if 
she asks questions on points she should 
have observed herself. After an appren- 
ticeship of about three months the young 
girl takes over the bathing and care of 
the child. 

As soon as the child is able to go about 
and to play with other children, the 
mother’s duty is to find out the type of 
children the child plays with. Sometimes 
the child is commanded to keep away 
from a particular boy who may be known 
to be dishonest or disrespectful to elders. 
In the ubiquitous mud pie plays, children 
symbolically express what they have seen 
the older folks do in ordinary life. 

Until the child is about eight years old, 
his credulity is much exploited. It should 
be explained that, in Iboland, the water 
supply for drinking and domestic pur- 
poses is stored in earthen pots. These are 
usually placed in a cool corner of the 
house. On the cover of the pot in which 
drinking water has been stored are to be 
seen as many as three to five cups, all 
turned upside down. Should the child 
form a habit of leaving the cups unturned 
after drinking, the mother orders him to 
turn over the cup. Otherwise, he is told, 
he will expose himself to the ghost who 


drinks from any cup that is left un- 
turned. The child obeys, not knowing 
that the real purpose is to prevent dirt 
or ants from falling into the cup and 
ultimately into the pot. 

Proper meal-time manners are strictly 
inculcated. Washing of hands before 
meals is compulsory. The rule is: Wash 
your hands and eat, or do not wash your 
hands and do not eat. The child is told 
that if he sits down for a meal and leans 
to one side with one hand on the floor, 
the earth will eat all the food through the 
hand on which he leans and he will re- 
main hungry. He is also told that if he 
hurries over his meal he will be caught 
by a ghost in the latrine. The above 
methods do succeed in inculcating correct 
hygienic practices. 

As for personal hygiene, the child is 
helped to wash or bathe himself. This 
assistance is only meant to help the child 
to know to what parts of his body he 
should devote more time. A schedule of 
two baths a day is a pleasure to the child. 
The underlying reason is apparent when 
we take into consideration the climate of 
his homeland. From about the age of 
nine no child expects an elder to help 
him keep his body clean. 

In addition to the foregoing methods 
of education the child depends on his per- 
sonal observations. From the age of 
about nine, the male child accompanies 
his father to the farm, while the girl 
accompanies her mother to the market. 
The girl from this time on acquaints her- 
self with domestic duties and the boy 
learns farm-craft by observing what 
others do on his father’s farm. On the 
farm the boy’s father teaches him the 
rudiments of agriculture. 

In the market the girl is taught the 
intricacies of buying and selling. The 
child notices that her mother at the out- 
set of any bargain will quote a price al- 
most double what she has paid for her 
commodity she is about to sell to a cus- 
tomer. The customer in turn offers a 
price just a little below the cost price. 
The seller herself then makes a little re- 
duction from her first price. The cus- 
tomer is thus tempted to offer a new 
price, this time well above the cost price. 
Further inducements are tried in an at- 
tempt to persuade the customer to offer 
more, and sometimes these are effective. 
After the encounter has ended the girl 
will probably fire a barrage of questions 
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concerning problems in trade. These 
questions are carefully answered and 
gradually the girl is allowed to attempt 
independent ventures. 

In addition to individual training given 
by parents, training in folklore and good 
citizenship is given by the different secret 
societies and age group organizations. 
Most of the boys clubs are organized on 
a basis similar to the Boy Scout organiza- 
tion. The “Mbekwe” club, for example, 
meets at regular intervals to enjoy com- 
munal meals and to limelight each mem- 
ber’s activities. This club prepares the 
boys for more advanced secret societies. 
“Respect of womanhood” is the motto of 
the club. 

One culture trait that has contributed 
much to Ibo education is the lavish use 
of folk-literature—tales, proverbs, and 
riddles. Proverbs are used not only to 
point morals for young and old alike, but 
as signals or warnings against proposed 
actions. Children of about five to eight 
years of age who have been learning how 
to count by naming the constellations in 
rhymes and jingles will also be plied with 
brain teasers—riddles—before an old man 
tells a folk-tale to wind up an evening. 
Most of the tales are ornamented with 
folk-songs and dance-songs. At the end 
of the tale a free discussion generally fol- 
lows on what each hearer could have 
done if he had been placed in some of 
the situations encountered by the hero of 
the tale. 

I have defined education as that process 
which operates to bring the individual to 
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the fullest, noblest and most fruitful re 
lationship with the world in which he 
lives. In modern American culture eco- 
nomic and social specialization and com- 
plexity have necessitated an educational 
system which is equally specialized and 
complex. In order to implement this 
kind of educational system, unusually 
elaborate institutions have developed. Be- 
cause of pre-occupation with these spe- 
cialized educational institutions, Euro- 
pean and American educators have been 
forced to ignore or de-emphasize certain 
underlying educational processes which 
go on in all cultures, primitive or non- 
primitive. 

Ibo culture, which incidentally is far 
from the stereotype of so-called primitive 
simplicity, has felt no need until recently 
for the erection of an educational super- 
structure of grammar-schools, high-schools 
and colleges on the European pattern. 
These became necessary only when 
the Ibo found that he had to compete 
with the European on the European’s own 
terms. As I have indicated in this paper 
Ibo education has: been focused primarily 
on the fundamental problem of orienting 
the child in his culture. 

In the main the Ibo (and to a certain 
extent the “primitive”) system of educa- 
tion emphasizes just those phases of 
child-rearing which are left in Western 
culture to more or less haphazard condi- 
tioning by parents and playmates. It is, 
despite this difference in emphasis, none 
the less an efficiently functioning system 
of education. 
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ADDITIONAL CLEAR LAKE VILLAGE MATERIAL 


E. SCHOENBECK 


Peoria Academy of Science, Peoria, Illinois 


Clear Lake village, in Tazewell and 
Mason counties, originally excavated 
and described by Drs. Faye-Cooper Cole 
and Thorne Deuel,’ has yielded through 
the later excavations of G. and E. Schoen- 
beck and A. Simpson, members of the 
Peoria Academy of Science, a wealth of 
material and considerable data which 
contributes to a better understanding of 
both this site and the inclusive Hopewell 
in this area. 

Excavations of the year May 1941-May 
1942 have greatly increased amounts of 
objects and widened the range. The rela- 
tive position and abundance of the Hope- 
wellian and the Maples Mills representa- 
tions continue with the Hopewellian, the 
lower and the richer. A meager Missis- 
sippian representation occurs in higher 
depth. Objects of interest are a skull of 
Bison bison;* 3 pipes (none platform); a 
copper pin; a clamshell carved to show 
a face in profile; new pottery types and 
type variations; additional shell hoes 
associated with Hopewellian material; 
and a cache of three 12 to 17#, shaped, 
grooved, stone artifacts which are per- 
haps anchors, but suggested as possibly 
mullers used with a sweep. 


The highly developed pottery complex 
grows increasingly richer. Pottery totals 
are now: rims, 2,000; vessel portions suf- 
ficient for projection, 48; Woodland and 
Hopewellian shapes, 13, and Mississippian, 
3. A ceramic analysis by Dr. James B. 
Griffin, Curator, Ceramic Repository, Uni- 
versity of Michigan, lists: Woodland.— 
Gooden Cord Impressed, Woodland Plain, 
Woodland Cordmarked, Sister Creeks 
Punctated, Various simple incised sherds, 
Black Sands Incised, Cord-Wrapped stick 
stamp, Naples Stamped, Havana Zoned 
Stamped or Incised, Hopewell Zoned 
Stamp, Hopewell Zoned Incised, Hopewell 
Rim Incised, Fabric Impressed, Check 
Stamp (the first record in Illinois). 
Foreign.—1. typical of Missouri Wood- 
land; 2. suggesting importation from 
Florida coast area. Mississippi—St. Clair 
Plain. 

In much of the Cord Impressed ware is 
used a black angular tempering of basal- 
tic hornblende,’ possibly analogous to that 
described for Lake Michigan ware at 
Aztalan,* and to that of Adena ware. 
Added shapes in Lake Michigan phase 
ware are a cord-decorated sloping-necked 
jar and a collared olla. 





Fig. 1.—Bison skull, jaw, scapula and other bone excavated at Clear Lake 


village, by E. Schoen 


Nov. 11, 1941, 


Jaw and other bone are behind 


skull; beaver skull to one side. Scapula had lain on top of skull, between horns. 
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The Bison skull, thought to be the first 
reported from archaeological sites east of 
the Mississippi river, lay in upper depth 
in discolored sand, in association with a 
Maples Mills sherd, a beaver skull, other 
bones of bison, deer and turtle. Horn 
cores appear as rotten particles held to- 
gether by sand. Other bone items are a 
10-inch, grooved awl; a fishhook; skulls 
of infant and various animals; and un- 
identified artifacts. Clamshell objects in- 


clude a cache of 7 spoons, a cache of 7 
shells showing use as diggers, and shells 
with perforations and cutouts. 

Stone items are a reel-shaped gorget, 
a symmetrical concretion polished by 
handling; a discoidal from upper depth; 
and 2 stone pipes, one stemmed, one stem- 
less, both associated with Hopewellian 
material, suggesting existence in some 
areas of various types for casual use. 
The third pipe is an incised clay elbow. 


1 Rediscovering Illinois, University of Chicago publication, 1937. 
2Identification by photographs and measurements by Dr. M. W. Stirling, Chief, Bureau 
of American Ethnology, Smithsonial Institution, and Dr. Olson, Department of Paleontology, 


University of Chicago. 


3 Identification by Dr. F. R. Matson, University of Michigan. 
‘Ancient Aztalan, p. 303, Bulletin, Public Museum, Milwaukee, 1933. 

















PAPERS IN BOTANY 


FroM THE REPORT OF THE SECTION CHAIRMAN 


The Botany program at Urbana carried 18 papers, 15 of which are herewith 
published. The others were: 


JENSEN, JENS, Ellison Bay, Wisconsin, Plant sanctuaria. 


O’Hanton, SisteR Mary Eien, Rosary College, River Forest, Illinois, 
Leaves in ontogeny and phylogeny. 


VestaL, A. G., University of Illinois, Urbana, Illinois, Island groves in IIli- 
nois prairies. 


In addition to these, one of the papers submitted from the Collegiate Section 
was accepted for publication, and is herewith published. 


Seventy-five attended the meeting and K. Richard Johnson, National Col- 
lege of Education, Evanston, Illinois, was elected chairman for the Jacksonville 
meeting May 7-8, 1943. 


(Signed) J. Fisher StanFietp, Chairman 


[57] 
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NOTES ON THE 


DISTRIBUTION 


OF SOME RARELY 


REPORTED SPECIES OF OEDOGONIUM 
M. E. Brirron 


Northwestern University, Evanston, Illinois 


Studies of Illinois waters by several in- 
vestigators have resulted in reports of 
between seven and eight hundred species 
of algae. Of these the single genus 
Oedogonium is represented by seventy- 
nine species, varieties, and forms (Tif- 
fany 1937, 1939) or roughly twenty-eight 
per cent of the two hundred and eighty- 
three species reported in the literature as 
occurring in North America. 

In the course of recent studies of Illi- 
nois and Indiana algae, the writer has 
collected seven additional records of 
species of Oedogonium, which by their 
rarity of occurrence merit mention at this 
time. Two of these were orginally de- 
scribed from North American material 
and have not been reported from locali- 
ties other than that of the type. The five 
remaining species were described from 
type localities in Africa, Estonia, Ger- 
many and Sweden, and only two have 
been previously recorded for North Amer- 
ica. The species to be reported are as 
follows: 

Oedogonium acmandrium var. stictosper- 
mum Skuja, Acta Horti Univ. Latv. 
4: 30(1930); Tiffany, N. Am. FI. 
11(1): 84(1937). 

Collected from a small swamp and in- 
termittent pond on Central Road about 
two miles west of Glenview, Cook County, 
Illinois, May 12, 1938. Author’s Herb. 
#56. 

Previously known only from the type 
station on the island of Saaremaa (Ezel), 
Estonia. 

Oedogonium concatenatum var. superorna- 
tum Tiffany, N. Am. Fl. 11(1): 64 
(1937). 

Collected from small 
and intermittent 


swamps, ponds 
streams on Glenview 


Road about two miles west of Glenview, 
on Lake Avenue just east of Pfingsten 
Road, on Landwehr Road one-half mile 
north of Lake Avenue, and on Pfingsten 
Road about one mile north of Lake 
Avenue, Glenview, Cook County, Illinois, 
May 12, 1938; on Techny Road just east 


and west of Landwehr Road southwest of 
Northbrook, Cook County, Illinois, May 
12, 1938; small pond just east of Tele 
graph Road about one mile south of 
Everett, Lake County, Illinois, May 15, 
1938. Author’s Herb. #58-60, 62-64, 71. 
Previously known only from the type 
station at Woods Hole, Massachusetts. 
Oedogonium Croasdaleae Jao, Rhodora 
36: 202(1934); Tiffany, N. Am. FI. 
11(1): 69. Pl. 26. f. 416-419(1937). 
Collected from small swamps and in- 
termittent ponds on Central Road about 
two miles west of Glenview, Cook County, 
Illinois, May 12, 1938; swamp north of 
Rolling Prairie, La Porte County, and a 
small pond north of Valparaiso, Porter 
County, Indiana, April 30, 1938. Author’s 
Herb. #31, 37, 53, 56. 
Previously known only from the type 
station at Woods Hole, Massachusetts. 
Oedogonium decipiens var. africanum Tif- 


fany, Ohio Jour. Sci. 29: 74(1929); 
Oedog. Monog. p. 145. Pl. 55. f. 523- 
524(1930). 

Collected in swamp and intermittent 


pond in Somme Forest Preserve, North- 

brook, Cook County, Illinois, May 15, 

1938. Author’s Herb. #66. 

Previously known only from the type 
station in Angola, Africa, and from In- 
diana. 

Oedogonium fragile var. abyssinicum 
Hirn, Acta Soc. Sci. Fennicae 27: 
97(1900); Tiffany, Oedog. Monog. p. 
75. Pl. 15. f. 147(1930). 

Collected in swamps and intermittent 
ponds on Techny Road just east of Land- 
wehr Road, Northbrook, and on Land- 
wehr Road about one-half mile north of 
Lake Avenue, Glenview, Cook County, IIli- 
nois, May 12, 1938; swamp and intermit- 
tent pond in Somme Forest Preserve, 
Northbrook, Cook County, Illinois, May 
15, 1938; swamp north of Valparaiso, 
Porter County, Indiana, April 30, 1938. 
Author’s Herb. #36, 60, 62, 66. 

Previously known only from the type 
station in Africa. 
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Oedogonium Kirchneri Wittrock, Hed- 
wigia 21: 104(1882); Tiffany, Oedog. 
Monog. p. 116. Pl. 38. f. 371(1930). 
Collected in a small pond on Techny 

Road just west of Landwehr Road and 

in a swamp and intermittent pond in the 

Somme Forest Preserve, Northbrook, 

Cook County, Illinois, May 12 and 15, 

1938. Author’s Herb. #63, 66. 

Previously known only from the type 
station in Germany. 

Oedogonium nodulosum Wittrock, Bih. 
Sv. Vet.-Akad. Handl. 11: 22(1872); 
Tiffany, N. Am. Fl. 11(1): 74. Pl. 23. 
f. 370-371(1937). 


Collected in a swamp north of Rolling 
Prairie, La Porte County, Indiana, April 
30, 1938. Author’s Herb. #32. 

Previously known only from the type 
station in Sweden and from Michigan. 
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A PENICILLIUM ‘‘DISEASE”’ OF INK 


Ropert A. Conover AND NEIL E. STEVENS 


University of Illinois, Urbana, Illinois 


The damaged soap wrappers on which 
the present study is based were sent to 
us by Mr. R. H. Griffith of the In-Tag 
Company who has given us permission 
to publish our findings. 

The blemishes consisted of pale red- 
dish-brown spots which had developed in 
storage on the blue portions of the wrap- 
pers of a well known white soap. The 
spots were regular in outline, of varying 
size, and occurred only on the blue por- 
tion of the wrappers. The reddish areas 
did not extend through the thickness of 
the paper but were restricted to the fibers 
covered by the ink. Cultures from the 
discolored fibers resulted uniformily in 
the isolation of a species of Penicillium 
not yet positively identified. 

The fungus was cultured on a wide 
variety of media on all of which growth 
was very slow. At the end of one month 
at room temperatures, colonies never ex- 
ceeded an inch and were usually one-half 
inch in diameter. 

Samples of the dye, ultra-marine blue, 
and ink used in printing the wrappers 
were supplied by Mr. Griffith. The dye 
dispersed in the various media was de- 
colorized by the growth of the fungus. 
This is in all probability due to the 
change in the pH of the medium result- 


ing from the growth of the fungus. The 
dye is sensitive to acids and loses its blue 
color as the pH is lowered. The fungus 
was cultured in a liquid medium which 
contained KH:PO, 0.3g., MgSO. 0.25g., 
KNO; 2.0g., dextrose 30.0g., and water to 
make a liter and determinations of the 
PH were made at various intervals. At 
the end of two weeks the pH was lowered 
from 5 to 3.8 and further lowered to 3.2 
after four weeks growth. 

The ink, smeared over the surface of 
agar and on strips of filter paper laid 
over the agar, was changed to a pale red- 
dish-brown color closely matching that on 
the wrappers when the fungus was cul- 
tured beside it. Other fungi present as 
contaminants in some cultures failed to 
cause the color change. Attempts to pro- 
duce the reddish color found on the wrap- 
pers on plain filter paper were unsuccess- 
ful. That the reaction involved in caus- 
ing the reddish spots may be more 
complex than an acid-base reaction is in- 
dicated by the fact that the fungus when 
grown in contact with the dye alone will 
not produce the reddish color. Some con- 
stituent of the ink other than the dye 
apparently must be present in order to 
obtain the color found on the affected 


soap wrappers. 
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TREES AND SHRUBS OF CHAMPAIGN COUNTY, ILLINOIS 


ALBERT W. 


FELDMAN 


University of Illinois, Urbana, Illinois 


The terms trees and shrubs as used 
here include those plants that are all or 
part woody. Size is the usual means of 
distinguishing a tree from a shrub; the 
line of demarcation is, however, arbitrary 
and often difficult to follow. In the fol- 
lowing list there are 130 native and 
naturalized species of woody plants; of 
these 64 are trees, 51 shrubs and woody 
climbers, 2 suffrutescent, and 13 classified 
as either trees or shrubs. 

The sequence of families, and the 
nomenclature, are those of Rehder’s 
“Manual of Cultivated Trees and Shrubs,” 
(ed. 2) 1940. Most of the common names 
have been adapted from Deam’s “Flora 


Pimaceae 
Juniperus virginiana L. Red cedar (S 
or T) 
Salicaceae 
Populus alba L. White poplar (T) 
P: ae (Ait.) Sm. Gray poplar 


) 
P. deltoides Marsh. Cottonwood (T) 
P. grandidentata Michx. Largetooth as- 


pen ( 
ne alba L. European white willow 


. cordata Muhl. Hearthleaf willow (S) 
fragilis L. Brittle willow (T) 
. interior Rowlee. Longleaf willow (S) 
nigra Marsh. Black willow (T) 
. pentandra L. Bayleaf willow (T) 
prinoides Pursh. 
. Vitellina L. Golden willow (T) 
Juglandaceae 
Jugians nigra L. Black walnut (T) 
Carya cordiformis (Wang.) K.Kock 
Bitternut hickory ,(T) 
“——_— (Mill.) Sweet Pignut hickory 


C. laciniosa (Michx.f.) Loud. 
shagbark hickory (T) 
Cc. ovalis (yans-) Sarg. Small fruited 


ee a 


Bigleaf 


hickory (T) 
Cc. ovate oo K.Koch Shagbark 
hickory (T) 
Betulaceae 
= caroliniana Walt. Blue beech 


Corylus americana Walt. American 
hazelnut (S) 

Ostrya virginiana (Mill.) K.Koch Hop 
hornbeam (T) 

Fagaceae 

Quercus alba L. White oak (T) 

Q. bicolor Willd. Swamp white oak (T) 

Q. coccinea Muench. Scarlet oak (T) 

Q. imbricaria Michx. Shingle oak (T) 

Q. macrocarpa Michx. Bur oak (T) 

Q. maxima (Marsh.) Ashe Red oak 


(T) 
Q. muhlenbergii Engelm. Chinquapin oak 
Q. palustris Muench. Pin oak (T) 


of Indiana.” The selection of a vernacu- 
lar name from the multitude of those in 
use is quite difficult, especially since the 
same name is often applied to several 
totally different plants. All specimens 
upon which this study is based are in 
the Herbarium of the University of Illi- 
nois. The name of each species is fol- 
lowed by a letter or combination of let- 
ters to indicate its habit of growth as, 
Shrub (S), Tree (T), Vine (V), and Suf- 
frutescent (Su). 


I should like to express my apprecia- 
tion to Dr. G. N. Jones for his assistance 
and criticism of this work. 


XQ. runcinata Engelm, (Q. 
X maxima) (T) 
Q. velutina Lam. Black oak (T) 
Ulmaceae 
Celtis occidentalis L. Hackberry (T) 
Ulmus americana L. American elm (T) 
U. fulva Michx. Slippery elm (T) 
Moraceae 
Morus alba L. White agi B (T) 
M. rubra L. Red mulbe 
Maclura pomifera (Rat.) dchneider 
Osage orange (T) 
Ranunculaceae 
Clematis pitcheri 
leather flower 
Cc. eee ore L. 


imbricaria 


, > & &. 
Virgins bower (V) 


Pitcher 


Menispermacea 
enlapernaan canadense L. Common 
moonseed (V) 
Anonaceae 
—" triloba (L.) Dunal. Pawpaw 
Lauraceae 
Sassa- 


Sassafras-albidum (Nutt.) Nees. 
fras (T 


s 
Lindera benzoin (L.) BI. 


Grossulariaceae 
Ribes americana Mill. 
current (S) 
R. missouriensis Nutt. 
berry (S 
Platanaceae 
Platanus occidentalis L. American 
planetree (T) 
Rosaceae 
Amelanchier canadensis (L.) Medic. 
Downy shadblow (T) 
Crataegus crus-galli L. Cockspur thorn 
(S. or T) 
C. macracantha Lodd. (S or T) 
e mollis (T. & G.) er (T) 


C. pedicellata Sarg. 
fis" anse (Wendl.) K.Koch (S or _T) 
Mal s angustifolia (Ait.) Michx. (S or 


(L.) Mill. Wild sweet 


Spicebush (S) 


American black 


Missouri goose- 


M. iia 
erab (T) 
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[= (Wood) Britt. Prairie crab 


rs americana Marsh. 
plum 
P. a ™ | ee Marsh. Chickasaw plum 


or 

P. hortulana Bailey Hortulan plum (T) 

P. serotina Ehrh. Black cherry (T 

P. a L. Common chokecherry 
or 

Rosa carolina L. Pasture rose (S) 

R. rubiginosa L. 

R. setigera Michx. 

R. suffulta Greene ) 

Rubus allegheniensis Porter. 

blackberry (S) 
R. argutus Link MHighbush blackberry 


(Ss) 
R. flagellaris Willd. 


(S) 
R. occidentalis L. 
raspberry (S) 
Spiraea alba DuRoi 
Leguminosae 
Anan canescens Nutt. Lead plant 
u 
A. fruticosa L. Indigobush (S) 
Cercis canadensis L. Redbud (T) 
Gleditsia triacanthos L. Honey locust 


(T) 

Gymnocladus dioica (L.) K.Koch Ken- 
tucky coffeetree (T) 

Ror pseudo-acacia L. Black locust 


American 


Prairie rose (S) 


Allegheny 


Northern dewberry 
Common blackcap 


Meadow spirea (S) 


Simarubaceae 
Ailanthus altissima (Mill.) Swingle 
Ailanthus (T) 
Rutaceae 
Zanthoxylum americanum Mill. 
ern prickly ash (T) 
Peery trifoliata L. 


North- 
Common _ hoptree 


Anacardiaceae 


hus aromatica Ait. Fragrant sumac 


( 
R. glabra L. Smooth sumac (S) 
R. radicans L. Poison ivy (V) 


Celastraceae 
mere atropurpureus Jacq. 


or T) 
E. a Nutt. 


Wahoo 
Running evonymus 


Celastrus scandens L. American bitter- 
sweet (V 


Staphyleaceae 
Staphylea trifolia L. American blad- 
dernut (S) 


Aceraceae 
Acer negundo L. Box elder (T) 
x nigrum Michx.f. Black maple (T) 
A. rubrum L. Red maple (T) 
A. saccharinum L. Silver maple (T) 
A. saccharum Marsh. Sugar maple (T) 


Sapindaceae 


rcs glabra Willd. Ohio buckeye 


Rhamnaceae 
Ceanothus americanus L. New Jersey 
tea (S) 
Rhamnus frangula L. Glossy buckthorn 
(S or T) 
R. lanceolata Pursh. 
thorn (S) 


Lanceleaf buck- 


Vitaceae 
Parthenocissus iatniieiits (L.) Planch. 
Virginia creeper (V) 
P. vitacea (Knerr) Hitche. (V) 
Vitis. aestivalis Michx. Summer grape 
¥, cinerea Engelm. Sweet winter grape 
V. labrusca L. Fox grape (V) 
V. palmata Vahl. Catbird grape (V) 
V. riparia Michx. Riverbank grape (V) 
V. vulpina L. Frost grape (V) 
Tiliaceae 


Tilia americana L. American linden 
T) 
Hypericaceae 
Hypericum sphaerocarpum Michx. (Su) 
Thymeleaceae 
Direa palustris L. Leatherwood (S) 
Cornaceae 


Cornus alternifolia L.f. Pogoda dog- 
wood (S or T) 

Cc. amomum Mill. Silky dogwood (S) 

C. asperifolia Michx. Roughleaf dog- 
wood (S) 

“ff L. Flowering dogwood (S or 


C. obliqua Raf. Pale dogwood (S) 
C. racemosa Lam. Gray dogwood (8) 
C. stolonifera Michx. Red osier dog- 


wood (S) 
Nyssa sylvatica Marsh. Black gum (T) 
Ebenaceae 


Diospyros virginiana L. 
simmon (T) 
Oleaceae 
Fraxinus americana L. 
F. lanceolata Borkh. 
F. pennsylvanica Marsh. 
F. quadrangulata Michx. 
Bignoniaceae 
Campsis radicans (L.) Seemann 
pet creeper (V) 
Rubiaceae 
Cephalanthus occidentalis L. Common 
buttonbush (S or T 
Caprifoliaeceae 
Lonicera sempervirens L. 
honeysuckle (V) 
L. prolifera (Kirchner) Rehder 
honeysuckle (V 
Sambucus canadensis L. Elderberry (S) 
Symphoricarpos orbiculatus Moench. 
Coralbe 
Viburnum dentatum L. Arrow =, (Ss) 
V. lentago L. gy Sees (S or T 
V. prunifolium L. Blackhaw (S a T) 
eo Marsh. bush 


Common per- 


White ash (T) 

Green ash (T) 
Red Ash (T) 
Blue ash (T) 


Trum- 


Trumpet 


Grape 


Cranberry 


Liliaceae , 
car ay hispida Muhl. Hispid greenbrier 
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A KEY TO THE ILLINOIS SPECIES OF SOLIDAGO 


DorotHy M, CROKER 


University of Illinois, Urbana, Illinois 


The object of this study is a taxonomic 
analysis of the Goldenrods of Illinois. 
The study was made on specimens from 
the herbarium of the University of Illi- 
nois. 

The nomenclature of the species was 
brought up to date and standardized ac- 
cording to Deam’s Flora of Indiana, 
Friesner’s The Genus Solidago, Rydberg’s 
Flora of the Prairies and Plains of Cen- 


tral North America, and Mackenzie's 
treatment of Solidago in Small, Manual 
of the Southeastern Flora, 

I should like to express my apprecia- 
tion to Dr. G. N. Jones for his guidance 
and encouragement. 

I have followed the plan of separating 
this group of plants into three generic 
units each possessing distinguishing mor- 
phological characteristics as follows: 


A, a OD + i re oc each soi vale vineny ovenedeabatas saab Euthamia 
I. Heads distinctly pedicellate ; leaves not punctate. 
A. Heads in a dense compound corymbiform cyme; bracts obtuse, 
longitudinally striate; achenes glabrous............cecceeccceccesvers Oligoneuron 
A. Heads in a panicle or axillary racemes; bracts acute or obtuse, 
not striate; achenes glabrous or pubescent...........:eeseeeeeeeeeeeres Solidago 
Sotipaco L. GoLpENROD 
I. Stem glabrous up to the inflorescence. 
A. Inflorescence completely glabrous. . 
a. Leaves elliptical-lanceolate with one principal vein............+-++ S. juncea Ait. 
a. Leaves linear-lanceolate, distinctly triple-veined.......... S. glaberrima Martens 


A. Inflorescence more or less pubescent or puberulent. 


a. Heads in axillary racemes. 


Stem angular; ultimate branches of inflorescence pubescent ; 


leaves oval with sharply serrate margins............+..00:: Ss. 


latifolia L. 


b. Stem terete; pedicels pubescent; leaves lanceolate with : 
unevenly dentate and hispidulous margins..........+++++++++: S. caesia L. 
a. Heads in a terminal panicle or raceme. 


b. Stem strongly angled........ 


b. Stem terete or nearly so. 


patula Muhl. 


ce. Leaves with one principal vein; bracts obtuse or acute; 
achenes pubescent or glabrous, 
d. Leaves glabrous except the margins; achenes 
glabrous; bracts obtuse. 


e. Heads secund..... 


e. ae not secund. 


PM PPT ECR TS Pony S. uniligulata T. & G. 


Lower leaves oval or ovate-lanceolate, serrate ; 
Seen BE. PR GOBER. «0 cccccicceccactsuve S. speciosa Nutt. 
, f. Lower leaves lanceolate. 
g. Lower leaves sometimes crenate otherwise 
entire ; plants of dry woods and 


prairie. . 


Be ry Pa eae S. rigiduscula T. & G. 


g. Lower leaves serrate or serrulate, 
oblong-lanceolate; plants of swamp 


A) SRR errr res S. uliginosa Nutt. 
d. Leaves ciliate on margins, and veins beneath; 
achenes pubescent; bracts acute.............4+. S. ulmifolia Muhl. 


c. Leaves triple-veined, i.e., one pair of lateral veins more 
prominent than the others; heads secund. 
d. Leaves more or less puberulent or pubescent at least 
along the veins beneath. 


e. Involucre 2-2.8 (-8) mm. high........ccccsseces Ss. 


canadensis L. 


Se re, Bo creas civccecsderiaade S. gigantea Ait. 
d. Leaves completely glabrous, except the 


scabrous margins... 


S. gigantea var. leiophylla Fern. 


I. Stem pubescent or puberulent throughout (rarely glabrous below). 
A. Heads not secund; rays white or yellow. 
a. Rays white; involucre 3-5 mm. high; achenes glabrous............. S. bicolor L. 
a. Rays yellow; involucre 4.5-5.5 mm. high; achenes glabrous 


or slightly pubescent.......... 


A. Heads secund; rays always yellow. 
a. Leaves with one principal vein. 


bis pee Wee ODN CKs Cae ease awe S. hispida Muhl. 


a eT ee a eee CEC RUEPE TR eee a ec S. rugosa Mill. 
b. Blades oblanceolate; bracts obtuse. 
C. PROMOS WIR & DHOOM SHMOMTARCE. «2.06 occ cccsccccteicncees S. radula Nutt. 


ec. Plants with a whitish or grayish appearance........... s. 


nemoralis Ait. 
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Botany—19. 


a. Lenges triple-veined. 


Blades oblanceolate ; bracts obtuse... .....cccccccccccccccce Ss. 


b. Blades lanceolate or elliptical ; 
ec. Leaves lanceolate; bracts a 
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radula Nutt. 
bracts obtuse or acute. 
cute. 


Se Se Ce BE a ce accccccwectactccesas S. canadensis L. 


d. Involucre 3-5 mm. high 


Rhee eee s bbe de cavecabénveneeed S. altissima L. 


c. Leaves elliptical; bracts obtuse............e..00.. S. Drummondii T. & G. 


EvuTHAMIA NvtTT. 


Stem glabrous; leaves glabrous; heads in c 
Stem hirtellous (especially on the branche 


aad as 


BusHY GOLDENROD 


lusters of 3-7........ FE. media (Greene) Bush 
s of the corymb and on 


the striations of the stem); leaves puberulent on the veins and 


margins ; heads in clusters of 6-8....... 


OLIGONEURON SMALL. 


I. Stem leaves conduplicate, entire.......... 
I. Leaves not conduplicate. 


(deeevae taceeddaees E. hirtella (Greene) Bush 


RovuGH GOLDENROD 


4AM RAAS CCAD EY O. Riddellii (Frank) Rydb 


Leaf margin crenate; stem pubescent...............00e0eeeee O. rigidum (L.) Small 
A. Leaf margin entire or sparingly serrulate; stem glabrous 


(S. ohioensis Riddell, Syn. FI. 
1835) 


West. States 57. 


CA OHMEARR EOE CSO6 64s CCAR ees O. ohioensis (Riddell) G. N. Jones, comb. nov. 





A TAXONOMIC STUDY OF THE ILLINOIS SPECIES OF 
RUMEX 


SIDNEY GLASSMAN 


University of Illinois, 


Introduction—The most recent mono- 
graph of the North American species of 
Rumex was written by Rechinger’ in 1937 
in which he treated forty-seven North 
American species. Other authors, includ- 
ing Trelease,” and St. John,*® have also 
published articles on this genus. Rech- 
inger has done much to elucidate the 
species concept of Rumex by adding to 
the number of known species. For ex- 
ample, R. salicifolius Weinm. has been 
divided into several distinct species, 
namely R. crassus Rech, f., R. californicus 
Rech. f., R. utahensis Rech. f. R. salici- 
folius Weinm. and with other related 
species, has been compounded into the 
subsection Salicifolii. 

Another important item of his clarifi- 
cation concerns R. persicarioides L. Most 
authors have designated the range of this 
species as extending from Quebec to 
North Carolina, Ontario to Illinois, and 
westward. This distribution, however, 
should be referred to a closely related 
species, namely R. fueginus Philippi. 
Philippi described this plant in 1894 as 
being a species distinct from R. per- 
sicarioides L. Subsequently St. John in 
1915 thought R. fueginus to be a variety 
of R. maritimus and described it as 
R. maritimus var. fueginus. After ex- 
tended study, Rechinger in writing his 





Field Mus. Nat. Hist. Publ. Bot. Ser. 17: 
_ _* Revision of American species of Rumex 
Garden, Third Ann. Report. St. Louis 1893. 

R. persicarioides and its allies, Rhodora 


Urbana, Illinois 


monograph on Rumex, discovered that 
R. maritimus occurs only in Europe and 
Asia and should not be included as a 
North American species; therefore, he 
treated the plant as R. fueginus Philippi. 
R. persicarioides L. has a limited distri- 
bution which includes eastern Canada and 
Massachusetts. It differs from R. fueginus 
mainly in that the tubercles are spherical 
and not narrowed into the midrib of the 
valves. R. fueginus is widely distributed 
throughout North America except for the 
southeastern part of the United States. 

During the present study I have found 
ten species of Rumex occurring in IIli- 
nois. Five (R. altissimus Wood, R. cris- 
pus L., R. obtusifolius L., R. acetosella L. 
and R. verticillatus L.) are more or less 
ubiquitous throughout the state. R. bri- 
tannica L., R, fueginus Philippi, and R. 
hostatulus Baldw. apud Elliott are un- 
common in Illinois. R. triangulivalvis 
(Danser) Rech. f. which closely re 
sembles R. altissimus and differs from it 
chiefly in the smaller size of the valves 
and in the narrower leaves is reported 
from Illinois for the first time. I have 
only seen one Illinois specimen. 

I have recorded three imperfect speci- 
mens of R. patientia L., two of which 
have only the valve and stem characters, 
and the other in which there are only 


1-151. 1937. 
occurring north of Mexico, Missouri Botanical 


17: 73. 1915. 
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leaves and flowers present. However, 
they are authentic specimens. According 
to its recorded geographic distribution 
R. patientia is slightly out of range be- 
cause it occurs in its northern boundries 
in upper Michigan, extending to Missouri 
and westward, 

R. mexicanus Meisn., as well as R. 
salicifolius Weinm., have been errone- 
ously recorded for Illinois; however, the 
former inhabits Mexico and New Mexico 
and the latter California and Mexico. 
Both species have been confounded with 
R. altissimus which differs from R. 
salicifolius in the larger size of the 
valves, wider leaves and smaller tubercles 
in proportion to the size of the valves. It 
differs from R. mezicanus in the same 
respects except the last named distinction. 

Many authors, including Gray and 


Small, have indicated that R. altissimus 
has one tubercle, or some of the valves 
have an abortive tubercle in addition 
(Deam). In the numerous specimens ex- 
amined, I have observed at least twelve 
in which there are three more or less 
unequally sized tubercles and a few 
piants in which the valves contain three 
equally sized tubercles. 

There has been one hybrid recorded for 
Illinois, namely R. crispus X obtusifolius, 
which is found only infrequently. 

I am indebted to Dr. G. N. Jones for 
aid and advice in writing this paper. I 
should also like to express my apprecia- 
tion to Dr. P. C. Standley, Curator of the 
Herbarium of the Field Museum, for the 
privilege of studying the specimens of 
Rumex that are in that institution. 


Key to Illinois Species of Rumex 


1. Leaves hastately lobed, sometimes linear or lanceolate; plant with acid 


juice; flowers dioecious or polygamous; rhizome horizontal ; 


tubercles, roseate. (Sorrel) 


valves without 


2. Valves 1 mm. wide, not larger than the nutlets, and without distinct 


SS 06 5 6d Ua U6 DONS 6465 50's 6Ue SAS NESERASELTARAE ERS OOES CASS eee lL. R. 


2. Valves 3-4 mm. wide, distinctly larger than the nutlets and with Ais- 
Cede bbe chde win eee sae 66 kee R, hastatulus 


> 


tinct venation 


ee 


acetosella 


1. Leaves never hastately lobed, not markedly acid; flowers and rogynous; 


roots stout; valves usually with 1-3 tubercles. 


(Dock) 


g. V Valves entire, erose or merely denticulate. 


3. Tubercles 1-3, when 3 mostly unequal in size or seldom with all 


tubercles equal; 


2 


4. Pedicels curved or fi 
length of the valves; 


pedicels with a distinct tumid joint; 
crisped, lanceolate to ovate- lanceolate, tapering toward the base, oe 
MRE, fice Se cde as cides ante ctu wa 

3. Tubercles usually 3, occasionally only 1, or rarely absent. 

exuous, usually not more than twice the 
leaves dark green 


leaves flat, not 


R. altissimus 


5. Pedicels with a tumid joint, tubercles less than 1% times as 


long as broad; 
angles with the midvein. 
6. Valves 3-4 mm. 


Leaves broader, 


leaves flat, 
tapering toward the DASE... .cccccscsccccsccsccs 4. 

6. Valv es usually much larger; 
7. Leaves rather narrow, strongly crisped, 
narrowed towards the base; valves 4-5 mm. 
tubercle usually 3.. 


long; 


often broadest below the middle, 
suddenly narrowed towards the base, 


lateral veins of the leaf-blades forming acute 


linear to lanceolate, 
R. triangulivalvis 

leaves more or less crisped. 

gradually 

long, 

R. crispus 


truncate or 


cordate, less crisped; valves larger, .tubercles absent 


or 1, smaller in proportion to the size of the valves... .6. 
5. Pedicels without a joint or only obscurely jointed ; 


longer than broad, 


2. a with spinulose teeth. 


R. patientia 
tubercles 


lateral veins of the ieaf blades forming 
almost a right angle WER Ce MIGAVOIN. «wn cc ccccccescovcs as 

4. Pedicels deflexed, not flexuius, 2-3 times the length of the valves; 

leaves flat, pale green......... 


R. britannica 


8. R. verticillatus 


Lower leaves broad, cordate at base, the upper narrower, lanceolate ; 
valves 5-6 mm. long, usually only 1 tubercle bearing ; pedicels slender, 


2%4 times the length of the valves; 
3. All leaves linear-lanceolate, 


POTORMIR). ccc cccccscccscens 9. 
more or less truncate at the base; 


Bw! 


obtusifolius 


valves usually 2 mm. long, slightly broader than the tubercles, the 


teeth long fine and bristle-like, all bearing tubercles ; 
more than twice the length of the valve; annual.............-++- 10 


pedicels seldom 
R. fueginus 


List of Species 


1. R. acetosella L. (Sheep sorrel) Fig. 1. 
Waukegan (F. C. Gates 3063). 
U. of IL. Urbana (30849). 
Champaign Co, (17739). 

Ravenswood, Chicago (Agnes.Chase). 


Sand ridge, 


Fields and waste grounds; 
Eurasia; May-July; Roadside, Glenwood (O. E. Lan 

I. C. Track, Havana (F. C. Gates 3606). 
. of oakwoods, Chicago (Agnes Chase 1350). 
Sand, Hyde Pk., Chicago (Agnes Chase 1366). 


nat. from Eur. and 
sing, Jr. 1405). Sandy roadside, 
Meadow, 


Sandy prairie, 


In sand, Chicago (A. Chase 1350, 1366). 








to 
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R. hastatulus Baldw. apud Elliott. Fig. 2. Sandy soil; May-July. (R. hastulatus 
Baldw. apud Elliott), (R. englemannii Meisn.), (R. orbiculatus A. Gray), (R. hastatulus 
Muhl.). Sandy barrens, East Alton, Madison Co, (F. McDonald FM). Dry hill by 
French vee (H. Eggert FM). Dry sandy soil, Past “Alton Madison Co. (F. E. Me- 
Donald FM). 17th and soa aves., North Chicago (O. C. Durham FM). Sandy bar- 
rens, near East Alton (F. E. McDonald). 

R. altissimus Wood (Pale dock ; Peach leaved dock). Fig. 3. Alluvial soil; June. 
(R. britannica L.). Barnyard near Wady Petra (Virginius i Chase 1530). Vermillion 
Co. (Seymour and Butts et Olney (Robert Ridgeway 1003). Along I and M 
canal near Western Ave. (W. S. Moffatt 384). Wet meadows, Rose Hill (L. N. John- 
son 14188). Olney (Robt. Ridgway 1004). Margin of Desplaines River, Riverside (O. 
E. Lansing, Jr. 1414). Bank of Desplaines River (Moffatt 1706). Greathouse Creephi 
Bridge, Mount Carmel (J. Schneck). Alluvial soil, banks of Thorn Creek, Thornton (0. 
E. Lansing, Jr. 1357). 

R. triangulivalvis (Danser) Rech. f. Sandy soil; June. (R. triangulivalvis Rech. f.), 
(R. salicifolius Weinm. subsp. triangulivalvis Danser), (R. mexicanus sensu Fernald, 


is wee: Common along Great Western Railway, Forest Park (Frank R. Fileck 


R. crispus L. (Curley dock or yellow dock) Fig. 4. Fields and waste grounds; nat. 
from Eur.; May-June. (R. elongatus Guss. in part). Waste grounds, Peoria (E. F. 
McDonald). Streets, Wheaton (W. S. Moffatt). Waste ground near Wady Petra (Vir- 
— H. Chase). Streets and waste grounds, DuPage Co. (W. S. Moffatt 644). In 
arex assoc. at foot of bluff, Waukegan (Frank C. Gates 3095). Lake Matanzas, 
Mason Co. (F. C. Gates 3722). Hocheiger’s farm (J. Schneck). Wet grounds, Engle- 
wood (E. J. Hill), Athens (E. Hall FM). Bowmanville, Chicago (F. C. Gates 769) 
R. patientia L. (Patience dock) Fig. 5. Rich open soil; nat. from Eurasia; May-June. 
Cold swamps, Spring Mills, Woodford Co. (F. E. McDonald). Dry roadside, N. W. of 
Wady Petra (V. H. Chase 70). Spontaneous from gardens, Augusta (S. B. Mead FM). 
a britamnica L. (Great water dock) Fig. 6. Wet ground, Aug.-Sept. (R. orbicularis 
Gray), (R. britannicus aquaticus Pursh.), (R. acutus Hook.), (R. sanguineus Hook.), 
Slough, Algonquin (Wm. A. Nason). Wet ground, Hegenisch (EE. J. Hill 92). Wet soil, 
Skokie Marsh, w. of Ravinia (Earl E, Sherff FM). Fountaindale (Herb. M. S. Bebb 
FM), Ringwood (Dr. Geo. Vasey FM). Peoria Co. (Dr. J. T. Stewart FM). 
R. verticillatus L. (Swamp dock) Fig. 7. Wet ground; June-July. Back water swamp 
of Spoon River near Wady Petra (Virginius H. Chase 618). Ditch, W. of Wheaton (W. 
S. Moffatt 643). Shallow water, W. of Soueese (Moffatt). “Greenswale,” DuPage Co. 
(Moffatt). Bernadotte, Fulton Co. (H. Pepoon). Muddy bank of Desplaines River, 
Riverside (Moffatt). Stagnant stream, Sescaaete, Chicago (Agnes Chase). Cypress 
Pond, Mt. Carmel (J. Schneck). 
R. obtusifolius L. (Bitter dock or bluntleaf dock) Fig. 8. Fields and roadsides; nat. 
from Eur.; July-Aug. (R. crispatulus Michx.), SS sanguineus L.), Waste places, Peoria 
(E. W. McDonald). Wet ground, Anna (A. Seymour 3136%4), Chicago (17748). In 
road in front of my home (J. Schne “)- My barn yard, Mt. Carmel (J. Schneck), 
Shady waste places, near be (E. Hill 186). Waste places, Peoria (F. E. Mc- 
Donald). Carbondale (A. te fees 31361). Moist soil, Union Co. (Geo. D. Fuller 
and Ralph Fisher 180 eM) Jac son Co. (G. H. French FM). 
R. fueginus Philippi Fig. 9. Swamps, humid sand and shady places. (R. maritimus 
Meisn. apud), (R. maritimus L. var. fueginus Dusen.), (R. persicarioides Pursh. in 
part). Woodstock (Geo. Vasey). Woodstock (Frederick Brendel). Mascoutah (W. 
Welsch). Ringwood (Dr. Vasey FM). Cahokia (H. Eggert FM). 
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THE NITROGEN CONTENT OF OAT CHLOROPLASTS 


ARTHUR W. GALSTON 


University of Illinois, Urbana, Illinois 


I. Background of the work. Many 
techniques have been utilized to separate 
chloroplast material from the remainder 
of the plant cell. Chibnall (1) found that 
the protoplasmic suspension obtained by 
grinding spinach leaves in water could be 
fractionated by filtration through paper 
pulp. Nuclear and chloroplastic ma- 
terials were retained on the filter, the 
cytoplasmic material passing through. 
Since nuclear material in leaves is very 
small in amount, the retained material 
was considered as essentially “chloroplas- 
tic material.” Channon and Chibnall (2) 
ground cabbage leaves in water and 
warmed the suspension to flocculate the 
dispersed protoplasm. The ether extract 
of the precipitate was considered to be 
mainly of chloroplast origin, since cyto- 
plasm contains little ether-soluble ma- 
terial. Menke (3) found that suspensions 
of spinach leaves ground in water would 
deposit chloroplastic material upon addi- 
tion of ammonium sulfate. 

All of these techniques may be criti- 
cized on the ground that they do not 
yield intact chloroplasts; hence some of 
the chloroplast material may remain un- 
extracted and some cytoplasm may be car- 
ried along as an impurity in the extract. 
These objections are, to a large extent, 
removed by the technique of Granick (4). 
This experimenter ground turgid leaves 
of tobacco and tomato in 0.5 molar glu- 
cose and succeeded in obtaining intact 
chloroplasts in suspension, along with the 
remainder of the protoplasmic material. 
Short, slow centrifugation removed most 
of the non-green protoplasm, whereas 
longer, more rapid centrifugation de- 
posited the chloroplasts. The plastids 
could then be washed by resuspending in 
water and flocculated by recentrifugation. 
Microscopic examination of the centrifu- 
gate revealed intact plastids almost en- 
tirely devoid of cytoplasmic granules. 
Furthermore, by colorimetric comparison 
of acetone extracts of leaf and chloro- 
plasts, he was able to determine what per 
cent of total leaf chloroplasts he had in 
his suspension. This made possible the 


determination of total 
trogen per leaf. 

II. Object of this work. This work 
was undertaken: 1) To discover whether 
the technique of Granick is applicable to 
the leaves of cereal grasses, which con- 
tain much fibrous material. 2) To obtain 
information on the relative importance of 
chloroplasts and cytoplasm as_ synthe- 
sizers of protein in leaves of cereals. 3) 
To trace the course of protein synthesis 
in the chloroplasts and cytoplasm of a 
single leaf. 

III. The nitrogen content of green and 
chlorotic leaves and chloroplasts at vari- 
ous ages. Kherson oats were sown in 
composted Flanagan silt loam in the 
greenhouse, and were allowed to grow 
until the fifth leaf was 1-3 cm. long. 
Leaves of the same size and physiological 
condition were then harvested in groups 
of 40. 
two hours in a forced-draught oven at 
80° C., were then weighed to get the 
average dry weight per leaf, and finally 
were ground to a fine powder in a Wiley 
mill. This powder was analyzed to get 
the nitrogen content per leaf. The re- 
maining thirty leaves were treated to ex- 
tract the chloroplasts, according to the 
procedure of Granick (4). The extracted 
chloroplasts were analyzed for nitrogen 
simultaneously with the dried leaf ma- 
terial. 

Nitrogen was determined by the mi- 
crokjeldahl method of Pregl (6), all 
analyses, as well as blanks, being run in 
duplicate. The extracted chloroplasts, 
usually as a 2 ce. suspension, were 
pipetted into the digestion flasks. 20-30 
mg. samples of the dried leaves were 
placed in other flasks. To the samples 
were added 2 cc. of CuS0O,-H.SO, diges- 
tion mixture and a pinch of K.SO,. The 
mixture was then digested 15-30 minutes 
until clear. The digested mixture was 
then transferred into the still, made alka- 
line with excess NaOH, and steam-dis- 
tilled into a flask containing 20 cc. of 
boric acid (1 lb. per 10 L.). The am- 


chloroplast _ ni- 


monia was titrated with .01 N HC1 using 


Ten of the leaves were dried for , 
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TABLE 1.—THE NITROGEN CONTENT OF OAT CHLOROPLASTS 











Seemgp Average | Physiological | Chloroplast Total N | N as % of dry | % of total leaf 
lei dry wt. tee : N in the 
ort eat par leat Condition N per leaf per leaf | wt. per leaf ehleseplasta 
| 
7.2cm 4.6 mg Green | .084 mg .285 mg | 6.20% 30.1% 
9.3 5.5 r 119 .287 5.26 41.3 
14.6 8.4 ‘e -137 470 5.60 29.2 
11.7 10.0 Chlorotic .078 -261 2.61 30.0 
17.6 17.7 7" 168 -495 | 2.79 34.2 














bromcresol green as an indicator. Re- 
sults were expressed as milligrams of 
nitrogen per leaf. The data are presented 
in Table I, all values being the means of 
two closely checking sets of results. 

It can be seen that in both green and 
chlorotic leaves, at all stages of growth 
studied, the chloroplasts contain about 30- 
40% of the total leaf nitrogen. This 
checks well with the results of Granick 
(5), who considers further that about 
80% of both leaf and chloroplast nitrogen 
is protein nitrogen. This would indicate 
that the chloroplasts synthesize large 
amounts of leaf protein. 

IV. The course of protein synthesis in 
a single leaf. It was decided to use the 
first leaf of oat for this experiment, since 
this would avoid complications due to the 
translocation of soluble nitrogenous ma- 
terials from other leaves. Oat plants 
grown in 2-gallon porcelain crocks were 
thinned until twelve uniform plants were 
left in each crock. The first leaf was 
harvested periodically at various stages 
of development, and analyzed for total 
and chloroplast nitrogen. The difference 
between these two values was called 
“cytoplasmic nitrogen.” The last group 
of leaves was harvested when the ligule 
was visible and the leaves had apparently 
attained their maximum length. The re- 
sults of the analyses are presented graph- 
ically in Figure 1. Again, it is found 
that the chloroplast nitrogen is about 30% 
of the total leaf nitrogen at all stages of 
development studied. 

V. Summary and conclusions. A. The 
technique of Granick for extracting intact 
chloroplasts from leaves is applicable to 
oat leaves. B. The chloroplasts contain 
about 30-40% of the total leaf nitrogen in 
both green and chlorotic leaves at all 
ages studied. C. In any one leaf, chloro- 
plasts produce about 30% of the total pro- 


tein, the “cytoplasm” producing the re- 
mainder. 
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Fig. 1.—The nitrogen content of oat 
chloroplasts and entire leaf at various stages 
of development. 
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NEW INTERPRETATIONS 


Illinois State Academy of Science Transactions 


OF SPHENOPHYLLOSTACHYS 


BASED ON A PETRIFIED SPECIMEN FROM AN 
IOWA COAL BALL 


J. H. Hoskins anp A. T. Cross 


University of Cincinnati, Cincinnati, Ohio 


A specimen of Sphenophyllostachys 
with structure preserved was collected by 
the writers in coal ball material from the 
Angus Coal Mine, Des Moines Series, in 
Iowa. This is, we believe, the first record 
of an American Sphenophyllostachys 
showing structure. 

The specimen consists of a portion of 
an isolated strobilus. Neither the base 
nor apex of the strobilus was preserved, 
so the total length of the fructification is 
uncertain, None of the vascular ele- 
ments of the stele remain, and the tips 
of the bracts are but indifferently pre- 
served. The excellent preservation of 
the remaining portion of the strobilus 
makes possible adequate and significant 
comparisons with previously known speci- 
mens. 

The strobilus has a maximum diameter 
of not less than one and one-half centi- 
meters, the axis occupying approximately 
four millimeters. Attached to this axis 
are whorls of bracts, the upturned tips of 
which form the free surface of the 
strobilus. The bracts of each whorl are 
inserted upon the axis at a slight upward 
angle and are adnate for a considerable 
distance from the axis, forming a cup. 
The free tips turn , Sharply upward. 
Each whorl, composed of approximately 
eighteen bracts, appears to be directly 
superimposed upon the bracts of the 
whorl below, rather than alternating 
with them. 

On the adaxial surface of each bract 
are borne three sporangia, each attached 
to the surface by an _ unbranched 
sporangiophore. The sporangia are ar- 
ranged linearly. Thus in longitudinal 
section of the strobilus, three sporangia 
are seen on the adaxial surface of each 
bract. The sporangiophores become free 
from the bract near the axis but at 
slightly variable points. The sporangio- 
phores are slender, essentially cylindrical 
stalks, increasing slightly in size as they 
approach their respective sporangia, be- 


coming greatly thickened near and at 
the points of attachment to the sporangia, 
where the sporangiophore bends slightly 
toward the strobilus axis, and bears a 
single, pendulous sporangium. 

The sporangium is essentially spherical. 
Its wall is composed of an outer layer of 
radially elongated cells and two or three 
inner rows of much smaller cells with 
thin walls. Spores completely fill the 
sporangial cavity, They average ap- 
proximately ninety microns in diameter. 
The spore wall has a _ characteristic 
sculpturing of anastomosing ridges with 
a rather definite bipolar orientation. 
Thus in cross-section the spore appears 
to be spinose. The strobilus is homo- 
sporous. 

A single vascular bundle traverses the 
known length of the bract. Its connec- 
tion with the vascular tissues of the axis 
cannot be determined because of incom- 
plete preservation. Similarly, a single 
vascular bundle extends the length of the 
sporangiophore, ending at the point of 
attachment of the sporangiophore to the 
sporangium. The bifurcation of a single 
vascular bundle into the bundle of the 
bract and that of the sporangiophore 
takes place in the outer cortex of the 
axis slightly below the insertion of the 
bract. No further bifurcations of either 
of these bundles occur. 

This strobilus is to be compared with 
those described as Sphenophyllostachys 
Dawsoni, of which the forms alpha, beta, 
and gamma have been designated. The 
Iowa specimen agrees in general with 
8S. Dawsoni with the important exception 
of the difference in the number and or- 
ganization of sporangiophores and 
sporangia. S. Dawsoni formae alpha and 
beta have been interpreted variously by 
Scott and Hirmer, the former ascribing 
to each bract two (occasionally fewer) 
sporangiophores, each of which becomes 
free near the axis and bears a single 
sporangium; the latter considers that a 
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single bundle branches in such a manner 
as to produce two short and one long 
sporangiophores alternating with two 
long and one short sporangiophores on 
adjacent bracts. Each sporangiophore 
bears a single sporangium, In either in- 
stance, a longitudinal section would give 
the picture of two sporangia on the 
adaxial surface of each bract. In 
8. Dawsoni forma gamma, Hirmer de- 
scribes an elaboration of this branching 
system to produce siz sporangiophores 
and sporangia for each bract, and these 
arranged in four cycles (a longitudinal 
section shows four adaxial sporangia per 
bract). 

The Iowa specimen shows none of 
these conditions. There is no branching 
of the sporangiophore after it emerges 
from the surface of the bract near the 
axis. Three unbranched sporangiophores 


arise at slightly different points near the 
axis, are of different lengths, and each 
bears a single sporangium placed linearly 
on the adaxial surface of the bract. A 
longitudinal section of the strobilus thus 
shows the correct number of sporangia 
per bract, namely, three. 

It would seem that for a complete un- 
derstanding of this form genus a revalu- 
ation of the known specimens is neces- 
sary. The evidence points toward a 
separation of the genus Sphenophyllos- 
tachys Dawsoni formae alpha, beta and 
gamma into distinct species. The neces- 
sity of this is emphasized especially when 
the correlation of the fructifications with 
the vegetative plants which bore them is 
also considered. Consequently, the 
writers believe that the Iowa specimen 
itself is best considered as a_ species 
heretofore undescribed. 





A MICROANALYSIS OF THE EPIDERMAL CELL WALLS 
BENEATH THE MIDRIB OF THE HOLLY LEAF 


JosePH P. MCMENAMIN 


Springfield Junior College, Springfield, Illinois 


In stained sections of Ilex opaca leaves 
that had gone through the paraffin process 
two interesting features were observed. 
There were thick-walled guard cells that 
appeared to be “petrified” by lignification 
and dependent in functioning upon adja- 
cent non-lignified epidermal cells, and 
there were lower epidermal cells on the 
midrib exhibiting a distinct absence of 
lignin in the outer tangential walls. A 
microanalytical study of these latter cell 
walls with differentiated lignification was 
made. 

Sections of living, mature holly leaves 
collected in late January were cut 
through the midrib with a sliding micro- 
tome to thicknesses of 12 to 15 microns. 
Three types of tests were applied to these 
sections in determining cell wall con- 
stituents and their location. Different 
staining reactions were checked by dif- 
ferential solubility reactions and by the 
use of the polarized microscope. The 
deposition and the location of four wall 
constituents, cellulose, lignin, pectin, and 
cutin, were thus determined. 

Chlorozine iodide and the hydrocellu- 
lose reaction were employed for cellulose 
staining tests. Cuprammonia was used 


to dissolve cellulose, and since cellulose 
is an anisotropic substance the use of 
polarized light and interference colors 
served in checking the other tests. Both 
staining and solubility tests brought 
negative results until lignin was removed 
from the walls, after which, these tests 
gave distinctly positive reactions. The 
resultant swelling of the walls in stain- 
ing tests made the pitting less evident. 
Cuprammonia dissolved the non-cutinized 
portions of the delignified walls. Sections 
left in cuprammonia to remove cellulose 
were of little value, there being no posi- 
tive test possible in the first place. As 
a result of cutin saponification there were 
disclosed lamellated structures located in 
the inner cutin layer over each cell. 
These gave the positive blue and violet 
colors for the cellulose staining tests. 
They dissolved when cuprammonia was 
added to a slide and gave further evi- 
dence of their plated organization in 
breaking down. They were doubly re- 
fractive between crossed Nicols, but only 
to the extent where it was barely notice- 
able, whereas anisotropy of the rather 
thick secondary walls was actually strong. 
It seemed that the outer tangential 











70 Illinois State Academy of Science Transactions 


secondary wall was not quite as bright 
as the other secondary walls. 

Two lignin staining tests were applied, 
the phloroglucin and the Maule reaction, 
revealing a high concentration of lignin 
in all walls except the outer tangential, 
the cutinized wall. This wall seemed to 
be more pitted than the other walls, the 
irregular pits extending out to the cutin 
layer. Sections were delignified by soak- 
ing in Chlorox for three hours. Staining 
tests were then repeated to make certain 
all lignin had been removed, and nega- 
tive reactions substantiated this treat- 
ment. Lignin staining tests applied to 
sections treated with cuprammonia 
showed no apparent differences, unless a 
more sharply defined reaction. Sections 
stained by chlorozinc iodide were ob- 
served to have a brownish color which is 
often indicative of cellulose “masked” by 
lignin. Optical properties were of little 
help here as lignin is amorphous and 
isotropic. Even in its intimate associa- 
tion with the cellulose micelles, it will 
not affect their anisotropy. 

Ruthenium red and methylene blue 
were used as pectin stains, the former 
known to be the more specific. Reactions 
revealed a high concentration of pectin 
in the immediate cutinized zone outside 
the secondary walls, as well as in the 
middle lamellae. In removing these com- 
pounds the sections were treated in hot 
5% KOH and again washed. Staining 
was repeated for checks with negative re- 
actions in these pectin regions. Deligni- 
fied sections were tested with the same 
results. Pectic compounds are known to 
be colloidal and isotropic. They appeared 
dark between crossed Nicols where there 
was no cellulose presem. 


To obtain an accurate determination of 
complete cutinization sections were left 
in Sudan III for an hour, which brought 
out the boundaries of the cutin more dis- 
tinctly. Sections treated with chlorozinc 
iodide were examined to note the effect 
on the cutin layer and clues as to 
heterogeneity of structure were evident. 
Slow saponification was accomplished by 
heating sections on slides under cover 
glasses and slowly adding 10% KOH. 
The slide was examined progressively 
under the microscope as the saponifica- 
tion increased. A thin outer strip of the 
cutin layer was the only part of this 
layer to disappear, the inner portion 
which was already found to contain cellu- 
lose lamellae and pectin remaining in- 
tact. Since cutin is insoluble in cupram- 
monia, 72% sulfuric acid, and hot dilute 
acids and alkalies, those sections having 
gone through such reagents for other 
tests were rechecked and found to have 
the cutin still in place. The outer stratum 
of “pure” cutin was optically isotropic in 
all paraffin sections, but showed up 
anisotropically in some fresh sections. 
Weak double refraction in the inner 
stratum coincided with the pectin zone 
containing the cellulose lamellae. Al- 
though cutin can be optically isotropic 
or anistropic when free from cellulose, 
its anisotropy can be considered, and was 
here, as indicative of cellulose deposition. 

It became evident, then, that these par- 
ticular epidermal cell walls are of a com- 
plex nature in the orientation of wall 
constituents. Different degrees of lignifi- 


cation in xerophytic leaf structure are 
not uncommon but, to the knowledge of 
the writer, pits extending into the cutin 
layer are most unusual. 
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A CHECKLIST OF THE VASCULAR PLANTS OF THE 
UNIVERSITY OF ILLINOIS WOODLANDS 


G. NEVILLE JONES 


University of Illinois, Urbana, Illinois 


The University of Illinois woodlands, 
situated a few miles northeast of Urbana, 
Champaign County, Illinois, consist of 
approximately 100 acres of natural woods, 
fenced and maintained by the University 
of Illinois as a permanent preserve of 
wild life for scientific purposes. This 
property consists of two separate areas, 
the Brownfield Woods, and the University 
Woods. The following checklist is based 
almost entirely upon the collections of 
the writer during the years 1939, 1949, 
1941, and 1942. The specimens are de- 
posited in the Herbarium of the Univer- 
sity of Illinois. Other species have been 
reported from time to time but since 
these reports are not based upon speci- 
mens they are not included in this list. 


Cystopteris fragilis (L.) Bernh. 
Diplazium pycnocarpon (Spreng.) Broun. 
Botrychium virginianum (L.) Sw. . 
Bromus tectorum L. 

Cinna arundinacea L. 

Dactylis glomerata L. 

Diarrhena americana Beauv. 
Echinochloa crusgalli (L.) Beauv. 
Elymus villosus Muhl. 

Glyceria striata (Lam.) Hitche. 
Hystrix patula Moench. 

Leersia virginica Willd. 
Muhlenbergia mexicana (L.) Trin. 
Panicum dichotomiflorum Michx. 
Phleum pratense L. 

Poa compressa L. 

P. pratensis L. 

P. sylvestris Gray 

Sporobolus heterolepis Gray 

S. vaginiflorus (Torr.) Wood 
Carex albursina Sheldon 

C. bromoides Schkuhr. 

C. gravida Bailey 

C. grayii Carey 

C. grisea Wahl 

C. hirtifolia Mack. 

C. rosea Schkuhr. 

Arisaema atrorubens (Ait.) BI. 

\. dracontium (L.) Schott 
Tradescantia subaspera Ker 
Juncus macer S. F. Gray 

Allium canadense L. 

A. tricoccum Ait. 

Asparagus officinalis L. 
Erythronium albidum Nutt. 

Lilium michiganense Farw 
Polygonatum biflorum (Walt. ) Ell. 
Smilacina racemosa (L.) De sf. 

S. stellata (L.) Desf. 

Smilax ecirrhata (Engelm.) Wats. 
S. hispida Muhl. 

S. lasioneuron Hook. 

Trillium gleasoni Fern. 

T. recurvatum Beck. 

Uvularia grandiflora J. E. Smith 
Tris shrevei Small. 


Aplectrum hyemale (Muhl.) Torr. 
Triphora trianthophora (Sw.) Rydb. 
Populus deltoides Michx. 

Carpinus caroliniana Walt. 

Ostrya virginiana (Mill.) K.Koch 

Corylus americana Walt. 

Juglans cinerea L. 

J. nigra L. 

Carya cordiformis (iene. ) K.Koch 

Cc. ovata (Mill.) K.Koch 

C. laciniosa (Michx. f) Loud 

Quercus bicolor Willd. 

Q. imbricaria Michx. 

Q. macrocarpa Michx. 

Q. maxima Michx. 

Q. muhlenbergii Engelm. 

Celtis occidentalis L. 

Ulmus americana L. 

U. fulva Michx. 

Maclura pomifera (Raf.) Schneid. 

Morus alba L. 

M. rubra L. 

Humulus americanus Nutt. 

Cannabis sativa L. 

Urtica procera Muhl. 

Laportea canadensis (L.) Gaud. 

Pilea pumila (L.) Gray 

Parietaria pennsylvanica Muhl. 

Asarum reflexum Bickn. 

Polygonum pensylvanicum IL. 

P. persicaria L. 

P. punctatum Ell. 

P. scandens L. 

P. virginianum L. 

Rumex acetosella L. 

R. crispus L. 

Amaranthus retroflexus L. 

Chenopodium album L. 

Cc. boscianum Mogq. 

Phytolacea americana L. 

Claytonia virginica L. 

Cerastium vulgatum L. 

Silene antirrhina L. 

S. scabrella (Nieuwl.) n. comb. (S. stellata 
var. scabrella Palmer & Steyermark in 
Ann. Missouri Bot. Gard. 25:781, 19358). 

Stellaria media (L.) Cyrill. 

Actaea pachypoda Ell. 

Anemone canadensis L. 

A. virginiana L. 

Hepatica acutiloba DC. 

Hydrastis canadensis L. 

Isopyrum biternatum (Raf.) T. & G. 

Ranunculus abortivus L. 

R. septentrionalis Poir. 

Thalictrum dioicum L. 

T. revolutum DC. 

Caulophyllum thalictroides (L.) Michx. 

Podophyllum peltatum L. 

Menispermum canadense L. 

Asimina triloba (L.) Dunal 

Lindera benzoin (1...) BI. 

Sanguinaria canadensis L. 

Dicentra canadensis (Goldie) Walp. 

D. cucullaria (1...) Bernh. 

Capsella bursa-pastoris (I.) Medic. 

Cardamine bulbosa (Schreb.) BSP. 

Cc. douglassii (Torr.) Britt. 

Dentaria laciniata Muhl. 

Iodanthus pinnatifidus (Michx.) Steud. 

Lepidium virginicum L. 

Ribes americanum Mill. 

R. missouriense Nutt. 
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Platanus occidentalis L. 
Agrimonia pubescens Wallir. 
Crataegus ae oar L. 

Cc. mollis (T. & G. 

Fragaria virginiana Duch. 
Geum canadense <a 

G. vernum (Raf.) T. 

Malus angustifolia Cait)” " Michx. 
M. ionensis ood) Britt 
Prunus americana Marsh. 

P. serotina Ehrh. 

Rosa setigera Michx. 

Rubus occidentalis L. 

Cercis canadensis L. 
Desmodium acuminatum (Michx.) DC. 
D. canescens (L.) 9 
Gleditsia triacanthos L. 
Gymnocladus dioica (L.) a 
Melilotus officinalis (L.) 
Robinia pseudoacacia e 
Trifolium pratense L. 

T. repens L. 

Geranium maculatum L. 

Oxalis stricta L. 

O. cymosa Small 

Impatiens biflora Walt. 

I. pallida Nutt. 

Acalypha virginica L. 
Euphorbia maculata L. 
Floerkia proserpinacoides Willd. 
Zanthoxylum americanum Mill. 
Rhus radicans L. 

Celastrus scandens L. 
Euonymus atropurpureus —. 
Aesculus glabra Willd. 
Staphylea trifolia L. 

Acer negundo L. 

A. saccharum Marsh. 

A. saccharinum L. 


Parthenocissus quinquefolia (L.) Planch. 


Vitis vulpina 

Tilia americana L. 

Abutilon theophrasti Medic. 

Viola eriocarpa Schwein. 

V. papilionacea Pursh 

V. sororia 

Panax quinquefolium L. 

Circaea latifolia Hill 

Oenothera biennis L. 

Chaerophyllum procumbens (L.) Crantz 
Cryptotaenia canadensis (L.) DC. 
Daucus carota 

Osmorhiza claytoni (Michx.) Clarke 
O. longistylis (Torr.) DC. 
Pastinaca sativa L. 

Sanicula canadensis L. 

Zizia aurea (L.) K.Koch 

Cornus racemosa Lam. 

Samolus pauciflorus Raf. 
Steironema ciliatum (L.) Raf. 
Fraxinus americana 

F. lanceolata Borkh. 

F. quadrangulata Michx. ’ 

Asclepias syriaca L. 

Phlox divaricata L. 

Ellisia nyctelea L. 

Hydrophyllum appendiculatum Michx. 


H. canadense L, 

H. virginianum L. 

Lappula virginiana (L.) Greene 
Mertensia virginica (L.) Link 
Verbena urticaefolia L. 
Agastache nepetoides (L.) Kuntze 
Blephilia hirsuta (Pursh) Benth. 
Glecoma hederacea L, 

Leonurus cardiaca L. 
Marrubium vulgare L. 

Nepeta cataria L. 

Prunella lanceolata Bart. 
Scutellaria lateriflora L. 

Stachys tenuifolia Willd. 
Teucrium canadense L. 
Solanum carolinense L. 

S. nigrum L. 

Collinsia verna Nutt. 

Mimulus alatus Ait. 
Scrophularia marilandica L. 
Verbascum blattaria L. 

V. thapsus L. 

Veronica arvensis L. 

V. peregrina L. 

Veronicastrum virginicum (L.) Farw. 
Campsis radicans (L.) Seemann 
Ruellia strepens 

Plantago lanceolata L. 

P. rugelii Dene. 

Phryme leptostachya L. 

Galium aparine L. 

G. concinnum T. & G. 

G. obtusum Bigel. 

Sambucus canadensis L. 
Viburnum lentago L. 

V. prunifolium L. 

Campanula americana L. 
Lobelia — L. 

L._ siphilitica 

Achillea uSitetolium La 
Actinomeris alternifolia (L.) DC. 
Ambrosia elatior 

A trifida L. 

Arctium minus a Bernh. 
Aster ericoides 

A. ee ye Wedem. 

A. Shortii Lindl. 

Bidens vulgata Greene 


Cacalia muhlenbergii (Sch.-Bip.) Fern. 


Cirsium vulgare — Airy-Shaw 
Cc. arvense (L.) Se 

Erigeron annuus (L) Pers. 
E. canadensis L. 

E. philadelphicus L. 
Eupatorium purpureum L. 
E. rugosum Houtt. 
Helianthus decapetalus L. 
Lactuca scariola L. 

L. floridana (L.) Gaertn. 
L. spicata (Lem.) Hitchce. 
Polymnia canadensis L. 
Rudbeckia laciniata L. 

R. triloba L. 

Solidago rugosa Mill. 
Taraxacum officinale Weber 
Vernonia missurica Raf. 
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THE RATE OF TRANSPIRATION 


IN TWO OATS 


VARIETIES GROWN UNDER VARYING SOIL 
MOISTURE LEVELS 
GLENN Ray NOGGLE 
University of Illinois, Urbana, Illinois 


Studies are being made in the labora- 
tory of plant physiology at the University 
of Illinois on the metabolism of cereal 
grasses. Considerable emphasis has been 
placed on the relationship of the nitrogen 
metabolism to the vitamin content dur- 
ing the growth period. It is obvious that 
if the plant is to be used commercially 
as a protein source, it will be advantage- 
ous to get maximum protein content and 
dry weight yield. A continuous chrono- 
logical study of the metabolic changes 
during the various growth stages of the 
plant from the vegetative to the repro- 
ductive phase through maturity is re 
quired. 

There are several stages of plant de- 
velopment that may be distinguished by 
a detailed chemical analysis of the- plant 
tissue. Burd (2) divided the growth of 
barley into three periods: a preliminary 
period of eight to nine weeks from plant- 
ing characterized by intense vegetative 
activity; a second period of about six 
weeks during which structural differentia- 
tion takes place and flowering occurs; 
a third period of about three weeks 
characterized by a loss in weight and by 
dessication of all parts of the plant. As 
an indication of these various stages of 
growth Burd noted that at the beginning 
of the second period there was a sharp 
decline in the moisture content of the 
leaves. At the beginning of the third 
period there was another decline in the 
moisture content of the leaves. 

Loehwing (3) and his associates 
studied mineral nutrition in relation to 
reproduction in higher plants. The re- 
sults showed that important metabolic, 
as well as structural, changes originated 
in the period between the origin of floral 
primordia and full bloom. With pot cul- 
ture studies under conditions of adequate 
mineral nutrition there occurred a sudden 
and thereafter continuous increase in the 
rate of transpiration at about the time 
of flower inception. Tissue analyses 


showed that the plants actually under- 
went a change in water balance toward 
the direction of lower water content. 
Frequently the increase in transpiration 
and change in water balance could be 
noted before the appearance of any 
visible floral structures. The experiment 
reported here was set up to study the 
varietal differences of oats in respect to 
the relation between changes in their 
water balance and morphological differen- 
tiation, 

Two varieties of spring oats, Kherson 
and Illinois 30-2088, were seeded in 
glazed porcelain pots each containing 8 
kilograms of composted Flanagan silt 
loam. The coleoptiles appeared three 
days after seeding. The plants were uni- 
formly watered until the first leaf was 5 
em. high. Water was then added or 
withheld from the soil so that 10 pots, 
each containing 10 plants, were main- 
tained at soil moisture levels of 15%, 
22.5%, 30%, 37.5% and 45%. The water 
holding capacity of the soil was 66%. 
The pots were weighed three times a 
week and the desired moisture level 
maintained by adding water. Part of the 
water was added to the surface and part 
to the lower levels by means of inserted 
glass tubes. 

Twenty-eight days after seeding a 
sudden increase in transpiration was 
noted in both varieties grown at all soil 
moisture levels (Fig. 1). An examina- 
tion of the stem and growing .point 
showed that the stem was starting to 
elongate and the growing point was be- 
ginning to differentiate. Bonnett (1) 
found that the oat stem passed through 
two stages of development. In the first 
stage the growing point remained short, 
the leaf initials differentiated, the leaves 
grew, and tiller buds developed in the 
axils of the leaves at the base of the 
stem, In the second stage the internodes 
of the stem elongated, and the branches, 
spikelets, and flower parts differentiated 
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and developed. The results of this ex- 
periment would indicate that the sudden 
increase in rate of transpiration took 
place at the beginning of the second 
stage. 

In both varieties grown at all soil 
moisture levels, the peak of transpiration 
was reached on the same day. After an 
initial fall the rate of transpiration again 
rose. It was at this period that the two 
varieties differed. The Illinois 30-2088 
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rapidly regained a high rate of transpira- 
tion which was maintained for the dura- 
tion of the experiment while the Kherson 
continued transpiration at a reduced 
level. The total amount of water lost by 
transpiration was greater at each soil 
moisture level in the Illinois 30-2088 
variety than in the Kherson variety. 

If we assume that the higher level of 
transpiration is related to the morpho- 
logical differentiation accompanying the 
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reproductive phase, then the _ Illinois 
30-2088 was developing through the re- 
productive at a more rapid rate than 
Kherson. This interpretation is further 


borne out by the fact that the inflores- 
cences of the Illinois 30-2088 immerged 
4-5 days before.those of the Kherson. 
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SOME GROWTH RESPONSES OF SOJA AND VINCA 
TO VITAMINS’ 


J. FisHer STANFIELD 


Chicago Teachers College, Chicago, Illinois 


Recent researches on the effects of the 
various vitamins on the growth of higher 
plants indicate that the degree of stimu- 
lation varies with the species of test plant 
employed as well as with concentration 
of the reagent (1, 2, 3, 4, 5, 6, 8 9). 
Scrutiny of the literature suggests that 
plant responses to vitamin-like stimulants 
may perhaps be correlated with the 
normal rate of over-all growth of plants. 
Plants known to grow rapidly under 
normal conditions often respond differ- 
ently than those growing more slowly, 
especially when stature is taken as the 
growth criterion (4). 

In order to test this hypothesis, ex- 
periments were undertaken with two 
species of contrasting growth habit. The 
Manchu variety of Soja mar was selected 
for its rapid growth, especially in the 
early stages, and compared with the 
slow-growing periwinkle, Vinca rosea, in 
response to three synthetic vitamins: 
thiamin chloride, riboflavin, and ascorbic 
acid. By study of the root system as well 
as the shoot, an attempt was made to de- 
termine if there was a differential re- 
sponse to the three stimulants employed. 

Methods.—One-week-old seedlings were 
transplanted from sand flats to washed 
gravel cultures in two-gallon jars. The 
gravel, free from organic matter and 
Sterile at the beginning of the experi- 
ment, was supplied with Withrow’s 
nutrient solution, feeding being uniformly 
maintained by gravity (fig. 1). Plants 
were grown during July and August 
under ordinary greenhouse conditions. 

The two test species were arranged in 
five series of treatments with twenty 
plants in each series as follows: 

Series 1: nutrient plus 5.0 p.p.m. vita- 
min B: (thiamin chloride). 


Series 2: nutrient plus 2.5 p.p.m. vita- 
min B, (riboflavin), 
Series 3: nutrient plus 5.0 p.p.m. vita- 


min C (ascorbic acid). 


Series 4: nutrient plus combination of 
B:, B:, and C in the above concentrations. 

Series 5: nutrient Control. Withrow’s 
solution only. 

Merck’s vitamins were used 
cases. 

The jars were completely drained at 
two-day intervals and 2 liters of fresh 
nutrient solution added; traces of minor 
nutrients (Mg, Zn, B, Cu, Fe) were 
added. Moisture was maintained at con- 
stant level by adding distilled water as 
needed between changes of the nutrient 
solution. 

The soybeans were in bud when har- 
vested four weeks after transplanting and 
were about three feet tall. Vinca plants 
were permitted to grow to flower and 
were harvested at seven weeks when 
about twelve inches tall. 

Measurements of height, root and shoot 
fresh weight, and total leaf area were 
made immediately at harvesting. Subse- 
quently, total tops and roots were dried 
in vacuum at 85°C. to determine re- 
spective dry weights and moisture of in- 
dividual plants. Leaf areas were meas- 
ured in a photo-electric areameter (7). 
The resulting data are given in tabular 
form in table I. 

Discussion.—Inspection of the data for 
Vinca (table I) shows a statistically 
significant increase in total leaf area of 
the vitamin combination over the con- 
trols. No similar significant effect on leaf 
area is noticeable in any of the single 
vitamin treatments. In fact, 2.5 p.p.m. of 
riboflavin reduced leaf area and root dry 
weight but the effect is barely significant 
in the leaves. The difference in fresh 
and dry weight of roots in the riboflavin 
series of Vinca substantiates the hydra- 
tion effect of this reagent previously re- 
ported by Dennison (6) for egg plant 
tissues. Entire plants of Vinca supplied 
with riboflavin are somewhat less luxuri- 
ant then the controls if dry weight and 


in all 


1 This research was supported in part by a grant from the American Association for the 
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leaf areas are taken as criteria. Other 
than the diminution of leaf area with 
riboflavin, the single vitamin treatments 
of Vinca are essentially neutral, responses 
which stand in contrast to the three- 
vitamin combination which induced in- 
crease in leaf area. Failure of slow- 
growing Vinca to respond is in contrast 
with the results of Bonner (4) who re- 
ported stimulation of several slow-grow- 
ing species with the application of vita- 
min B:;; this reaction is in agreement, 
however, with the results obtained by 
several workers on a variety of genera 
(1, 8, 9). 

The only exception to the lack of 
favorable response of Vinca to single 
vitamins is found in the dry weight in- 
crease of tops supplied with 5 p.p.m. of 
thiamin. The results in terms of fresh 
and dry weight indicate that these are 
not stimulated by either riboflavin or 
ascorbic acid in Vinca, an example of a 
slow-growing species. 

Significantly different responses are ex- 
hibited by the soybean. Riboflavin exerts 
a distinctly inhibitory effect in concen- 
trations of 2.5 p.p.m., especially upon the 
root system (table I). The response 
suggests some injury from this concen- 
tration in the soybean. The contrast be- 
tween Vinca and Soja to identical con- 
centrations of riboflavin implies a lower 
tolerance of Soja to this reagent. 

Soja exhibits a significantly favorable 
response to thiamin chloride both on a 
fresh and dry weight basis and also the 
percentage of dry weight in the roots. 
Although growth of both root and top are 
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Fig. 1.—Gravity feed system used in sup- 
plying nutrients. 


stimulated by 5 p.p.m. of thiamin chlo- 
ride, increased growth of soybeans occurs 
primarily in the tops. Studies of other 
investigators on excised roots in tissue 
culture have disclosed the favorable 
effects of vitamin B: on root growth; 
Bonner (3) further states that B: is a 
general root-growth factor in actively 
growing plants. Other workers have in- 
dicated the efficiency of the treatment of 
cuttings. In a recent publication, how- 
ever, Hitchcock and Zimmerman (10) do 
not recommend B; for either cuttings or 
the growth of plants in soil. The above 
response of Soja, however, suggests that 
its influence is by no means limited to 
the root system. 


TABLE I.—GROWTH RESPONSES OF SOJA AND VINCA TO VITAMIN TREATMENTS? 
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P Total 
- ‘ R Percéntage — 
Vitamin Fresh Weight Dry Weight A Root Leaf 
Dry Weigat Ratiob | Area 
| 
Root Top Root | Top Root | Top 
gm. gm. gm. gm. __| % | % om.? 
at aS hs 3.9 9.2 .70 97 48.0 | 40.6 1.39 206 
Co tee 3.2 6.9 54 .73 16.9 | 10.5 1.35 180 
ag fe 3.6 8.1 -70 ‘78 19.4 | 9.7 1.11 204 
= | Combination.. 3.4 9.1 .65 .88 19.1 | 9.7 1.35 235 
Control... ....- 3.4 8.6 7 .86 22.6 | 10.0 | 1.12 196 
| 
a te 5.8 20.1 1.51 3.55 | 26.1 | 17.7 2.35 
wig. (aaa 2.8 14.4 .66 2.45 23.2 | 17.0 4.30 
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Roots in the thiamin series of Soja 
were more fibrous, longer, and more 
highly branched than in controls. Root 
systems in controls and all other Soja 
series were smaller, woody, less fibrous, 
and generally less luxuriant. The low 
Top/Root Ratio in the thiamin chloride 
series of the soybean reflects the larger 
root system and improved balance be- 
tween root and shoot. A similar relation- 
ship was noted by Bonner and Bonner (2) 
in Cosmos. 


It is difficult to account for the elimin- 
ation of the beneficial effect of thiamin 
in the three-vitamin combination but it 
may possibly be attributable to the pres- 
ence of 2.5 p.p.m. riboflavin which singly 
in this concentration is especially repres- 
sive on root growth. 


Vitamin C was not significantly bene- 
ficial in any general fashion in the 
growth of either Soja or Vinca with the 
exception of the percentage dry weight 
in Soja. Plants receiving ascorbic acid 
were much higher than the controls or 
any other series in this test. A similar 
stimulative effect was reported by Den- 
nison (6) for tobacco by the use of 
ascorbic acid. These data suggest a 
variation in the metabolic index of the 
plants in question and any study of the 
connotations of this response will require 
further quantitative experimentation. 


In both Vinca and Soja the gross super- 
ficial appearance of the growing plants 
was not indicative of the compositional 
differences shown in table I; all series 
were similar in their general appearance. 
An examination of the percentage of dry 
weight in the series’ tests is further 
indicative of quantitative variations not 
apparent in gross dry and fresh weights. 
A similar observation was reported by 
Dennison for tobacco (6). This particu- 
lar aspect of the response of plants to 
vitamin treatments has received little at- 
tention in the literature; only compara- 
tive fresh and dry weights are usually 
reported. 


It is noteworthy, however, that Soja 
was consistent in its positive response to 
vitamin B; in the entire series of tests 
with one exception found in the percent- 
age of dry weight in the tops. 


SUMMARY 


1. In view of the responses of the two 
test species and their known differences 
in normal rate of growth, the foregoing 
data suggest that the slower-growing 
form, Vinca, is less responsive than Soja 
to external sources of thiamin, riboflavin, 
and ascorbic acid in the concentrations 
used and under the growing conditions 
employed. Normally rapid-growing forms 
may thus prove to be more favorable test 
plants in vitamin studies because of their 
immediate and more distinctive responses 
to treatment. 

2. Soja responded to vitamin B: by a 
significant increase in dry and fresh 
weight of both tops and roots over the 
controls. 

3. The relative increase in _ root 
growth in Soja was evident in a lower 
Top/Root Ratio than in either the con- 
trols or other vitamin treatments. 

4. Vitamin B: was not significantly 
beneficial in its effects on the growth of 
either Soja or Vinca. 

5. Vitamin C was not significantly 
beneficial in its general effects on the 
growth of either Soja or Vinca. 
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THE WHITE-BRACTED HYMENOPAPPUS STILL GROWS 
IN ILLINOIS 


L. R. TEHON 


Illinois Natural History Survey, Urbana, Illinois 


Just a century ago—in July, 1842— 
Charles A. Geyer collected the White- 
bracted Hymenopappus, Hymenopappus 
scabiosaeus L’Hér. (8S. carolinensis of cur- 
rent botanical manuals) in sandy soil 
near Beardstown, Cass County, Illinois. 
In June, 1845, Dr. S. B. Mead collected 
the plant in Mason County, and eleven 
years later—on May 23, 1856—Elihu Hall 
collected it again in Cass County. These 
three records probably are the basis upon 
which the species was included in Lap- 
ham’s 1857 list of Illinois plants and upon 
which the range given for it in Gray’s 
New Manual of Botany (1908) and Brit- 
ton and Brown’s Illustrated Flora (1913) 
includes Illinois. During 85 years no fur- 
ther collections of the plant were made 
in the localities in which it was first dis- 
covered and no records of its occurrence 
in other parts of Illinois were made. 

In the summer of 1941 the writer col- 
lected the White-bracted Hymenopappus 
in the southeastern part of Kankakee 
County. This latest locality, approxi- 
mately 50 miles north and 130 miles east 
of the earlier recorded localities, lies 
about 145 miles from them. The site 
occupied by the plant is almost exactly 
one and one-half miles due east of the 
town of Wichert. It lies on the western 
section line of Section’ 25, Township 30 
North, Range 12 West, about midway be- 
tween the northwestern and southwestern 
corners of the Section. 

The range of the White-bracted Hy- 
menopappus lies generally to the south of 
Illinois. It is defined in Rydberg’s Flora 
of the Prairies and Plains of Central 
North America (1932) as from “South 
Carolina westward to Kansas and south- 
ward to Texas and Florida,” in Britton 
and Brown’s Illustrated Flora as from 
“Tllinois and Texas east to South Caro- 
lina and Florida,” and in Gray’s New 


Manual of Botany as Illinois to South 
Carolina and southwestward. In habitat, 
the plant is restricted to sandy barrens. 

Since the publication of these manuals, 
little additional evidence of the northern 
limit of the species has been published. 
Charles C. Deam, in his Flora of Indiana 
(1940) records the plant in two widely 
separated Indiana counties, Vigo and 
Stark. Collections were made in Vigo 
County, near Terre Haute, in 1890 by 
Blatchley and in 1925 by A. R. Bechtel. 
Four sites were found in Stark County, 
in northwestern Indiana, by Deam in 
1930. 

The isolated occurrences of the plant in 
Illinois and Indiana, hundreds of miles 
north of its normal range, is not easily 
explained. Both the Illinois and the In- 
diana records are for sandy habitats close 
to rivers. The Illinois and Stark County, 
Indiana, sites form an interrupted chain 
along most of the length of the Illinois- 
Kankakee river valleys, and the Vigo 
County, Indiana, sites are close to the 
Wabash River. Such facts would sug- 
gest transportation by water fowl, except 
that what is known about migratory 
routes and food habits almost certainly 
precludes the possibility. However, smal- 
ler birds following overland migration 
routes might have served as chance car- 
riers. . 

It is possible, also, that these northern 
occurrences of the plant represent surviv- 
ing outposts of a former general range 
and date back, perhaps, to a warmer age 
or the time when the Gulf of Mexico ex- 
tended northward to and beyond the pres- 
ent Ohio River valley. They might then 
be regarded as remnants of a retreating 
southern flora, persisting only where, in 
small localities, some factor of soil or 
climate continues to favor their existence. 
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A PRELIMINARY INVESTIGATION OF THE 


EFFECT OF 


THE DESCALING OF WINTER BUDS ON THEIR 
GROWTH IN EAST CENTRAL ILLINOIS* 


JoHn W. VoIGT 


Eastern Illinois State Teachers College, Charleston, Illinois 


This study arose from a preliminary 
investigation conducted by Dr. Priestly 
of Leeds University, England? Priestly’s 
work consisted only of the effect of 
winter climate on the viability of de 
scaled buds. Priestly’s results are being 
checked with those of this experiment 
in determining whether buds live through 
the winter without bud scales. A study 
was made of buds after they had been 
three months in the descaled condition, 
to determine whether or not there were 
any structural modifications occurring in 
the exposed scales between the time the 
buds became dormant and the time they 
broke their dormancy in the spring. 

Thirty-five buds from specimens of 
each of these trees, Liriodendron tulipi- 
fera, Betula nigra, and Tilia europea were 
descaled the fifteenth of November, 1941. 
The buds were all tagged with linen cloth 
tags which were dated and duly marked 
with India ink, and then coated with 
paraffin before being tied to the twig 
bearing the descaled bud. These buds 
were carefully watched for the duration 
of the winter. After three months, twigs 
bearing descaled buds were brought into 
the laboratory and sections of the bud 
scales of the undissected buds made. 
These were the control groups. Sections 
were made of the second pair unexposed, 
and second pair exposed of the dissected 
buds. The sections were about twenty- 
five microns in thickness. 

In the buds of Liriodendron tulipifera 
it was observed that the exposed leaf 
turned brown and later dried up. There 
was no change in the scales except in the 
deposition of resin in each of the epi- 
dermal cells of the second scale which 
was exposed. 

Tilia (Dissected buds). In the second 
pair of scales exposed there was found— 
cutin, pectin, suberin, and resinous de 





* Contribution from the Collegiate Section. 


' Priestly. 


posits in the lower epidermis. These 
materials were identified by the conven- 
tional microchemical tests. There were 
also scattered areas of lamellated mate- 
rial for which we could find no positive 
test. This material was thought to be 
mucilage. (The deposits are assumed to 
be mucilages because of their transpar- 
ency in the fresh material and solubility 
in water. The material was thought to 
have coagulated as the sections were de- 
hydrated in the making of the slides. The 
unidentified material has resemblance in 
crystalin form to inulin crystals. 

Diagrams of cross sections of the second 
bud scales unexposed and exposed indi- 
cate that there is a difference in the 
number of the unidentified deposits and 
likewise in their distribution. In the un- 
exposed scales, the deposits are scattered 
irregularly. In the second exposed scale 
the deposits are in the center of the sec- 
tion and evenly distributed throughout 
the middle of the scale and there is an 
appreciable increase in the amount of this 
material. There was no increase in the 
thickness of the cuticle in the exposed 
seale. 


Betula (The first and second scales 
were sectioned in the same manner as 
were those in the preceding buds). Ex- 
amination of the sections showed that 
there were no appreciable modifications. 

Summary. Priestly’s results indicate 
that a number of buds lived through the 
winter in the absence of the scales and 
in Aesculus hippocastanum and Castanea 
sativa almost half of the buds lived. In 
this experiment seventeen of the River 
birch buds lived and thirteen of them 
died, thus giving a percentage of 56.7%. 
Twenty-nine out of thirty-two tulip tree 
buds survived for a percentage of 90.6%. 
It is not known just how many basswood 
buds would have survived, because this 











80 Illinois State Academy of Science Transactions 


part of the experiment was maliciously 
destroyed by some unappreciative indi- 
vidual. 

In this experiment more buds survived 
than in the experiment recorded by 
Priestly. Some of the buds were small 
and it is highly probable that in the re 
moval of the scales they were mutilated 
to the extent that they did not survive. 
Some of the buds of river birch in this 
experiment were victims of faulty tech- 
nique we are quite sure. 

Priestly found that, when dormant, the 
buds contain very little water and are 
relatively insensitive to the external con- 
ditions, while actively growing buds ab- 
sorb much water and are easily killed 
by frosts or sharp changes in tempera- 
ture. We had no spring frosts after the 


buds started to swell so we cannot draw 
any conclusion as to the importance of 
the amount of water contained in the 
parts which grew. 

Some naked buds such as those of the 
way-faring tree (Viburnam lantans) are 
resistant to winter conditions and the 
buds of Cornus sanguinea and Alnus ro- 
tundifolia, where the scales often do not 
completely enclose the leaves within, are 
also resistant to winter conditions. In 
this country attention is called to the 
pawpaw tree which has no scales, but 
yet is able to endure the winter climate. 

This as well as the results of the two 
experiments hint that bud scales, as pro- 
tective structures, are not so very im- 
portant. The problem probably needs 


more experimental data before being con- 
cluded definitely. 
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A STUDY OF THE PHYTOPLANKTON 


OF CRAB 


ORCHARD LAKE 


WALTER B. WELCH 
Southern Illinois Normal University, Carbondale, Illinois 


Crab Orchard Lake is that body of 
water formed by a dam across Crab 
Orchard Creek at the Jackson-Williamson 
county line in Southern Illinois. (Fig. 1). 
The stream and its tributaries have a 
drainage basin of 200 miles. The lake at 
the spillway level covers about 7,000 
acres. It is about four miles wide at the 
widest part and about 10 miles long. Its 
greatest depth, in the stream bed at the 
outlet tower, is 14 meters. The stream 
bed is three or four meters below the 
surrounding land. Thus the greatest 
depth out of the stream bed is 10 
meters. The land which was flooded was 
badly eroded leaving many gullies in the 
bottom of the lake; consequently it was 
necessary to place buoys at the two sta- 
tions out in the lake to mark those 
depths used in our experiments. 

Four stations were established across 
the lake for a distance of one and one- 
fourth miles, beginning at the southern 
edge. See figure 1, Station CO-1 is in 
a cove on the south side of the lake well 
protected by headlands on the east and 
west. A small stream emptied into this 
cove during the wet seasons. Only 
surface samples were taken here, and 
these in the mouth of the stream where 
the water was not over two feet deep. 

Station CO-2 was taken in the old 
stream bed. When water is at the spill- 
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: —_ 1.—Outline Map of Crab Orchard 
#iKe, 


way level this station is not over 13 
meters. (The lowest the water was last 


summer was 10 meters deep.) Along the 
banks of the old stream were small trees 





and shrubs. These are now completely 
covered and are found only when they 
tangle the lines of the collecting tube. 
Small bits of wood are found in samples 
from this station. 

Station CO-3 is about three-fourths of 
the way from Station CO-2 to the north 
shore. Its greatest depth was five meters. 
At the low water stage it was about three 
meters. The soil here had been culti- 
vated and was most recently planted in 
corn. 

Station CO-4 is in a shallow cove on 
the north shore where the soil had been 
graded to make a smooth beach, This 
had grown over with weeds before the 
land was flooded. The water here was 
only about two feet deep. Surface samples 
were taken here. 

The dam was closed May 10th, 1940, 
and the water went over the spillway for 
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Fig. 2.—Diagram of average net algae at 
Station CO-2. 
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the first time during the night of Febru- 
ary ist, 1942. Most of these data were 
taken before the water had reached spill- 
way level. The collections from the 
surface were taken in a dip pan and from 
water below with a collecting tube of 
one liter capacity. Samples were put 
through a collecting net of silk bolting 
cloth and washed into 100 cc. of 
Transeau’s Fluid for storage. Counts of 
the numbers of organisms were made in 
a Sedgwich-Rafter cell of 1 c.c. capacity. 
At Stations CO-2 and CO-3 the samples 
from below the surface were taken at one 
meter intervals. 


Fig. 2 shows the average of six net 
algae that were abundant enough long 
enough to be charted, These were col- 
lected at Station CO-2. As was expected 
the number of individuals was small and 
the genera few early in the spring. The 
collections were made each week until 
the first week of October; then every two 
weeks until the second week of December. 
At this time a question of jurisdiction 
arose since the upper end of the lake be- 
came a defense area. Then the lake was 
covered with ice too thick for a row boat 
but not thick enough to support a col- 


lector and all the equipment. The first 
organisms to appear maintained little 
variation in a restricted range. Asterion- 


ella disappeared the last of May. Only 
one individual of this alga has been seen 
this spring. Ceratium varied the least of 
any while it was seen but was gone the 
second week in October, except those 
found the second week in February. The 
others continued in the collections from 
the time they were first seen until the 
last collection was made the first week in 
April. The most striking increase was 
made by Aphanizomenon when it reached 
700,000,000 organisms per cubic meter 
the third week of July. The decrease 
was more rapid than the increase. At 
Station CO-1 Microcystis became so thick 
it could not be collected in the net, but 
was allowed to rise to the top of the col- 
lecting pan and 100 c.c. of this material 
was taken as a sample. 

Vertical distribution of these organisms 
at Station CO-2 is shown in Fig. 3. The 
greatest number of organisms was found 
at two meters in Asterionella and Coelo- 
sphaerium, at three meters in Dictyo- 
sphaerium and Aphanizomenon, 


meters in Ceratium, and at the bottom in 
These represent the average 


Microcystis. 


at four 
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Fig. 3.—Vertical Distribution at CO-2. 


numbers taken during the middle of the 
season for each. 

Vertical distribution at the four sta- 
tions is shown in Fig. 4. The letters in- 
dicate the name of the organism and the 
distance between the short vertical lines 
shows the number of individuals of each 
alga. This gives a rough idea of the dis- 
tribution from top to bottom of the lake. 
Dictyosphaerium was not seen in the 











Fig. 4.—Vertical distribution of four algae 


at the four stations in Crab Orchard Lake, 
C = Coelosphaerium. D == Dictyosphaerium, 
A Aphanizomenon. M Microcystis. 
Sept. 12, 1941, 


upper two meters at any station and was 
also absent from the four and seven 
meter samples taken at Station CO-2. 
Here again the greatest number occurred 
at the three-meter depth at CO-2 and at 
the two meter depth at CO-3. The sur- 
face samples were very much the same at 
all stations, although when the wind was 
from the north Microcystis and Coelo- 
sphaerium collected in large quantities on 
the surface at Station CO-1. 

Among the other net algae found in 
sufficient number to be recorded were the 


following: 

1. Anabaena 19. Mougeotia 

2. Ankistrodesmus 20. Netrium 

3. Arthrospira 21. Oedogonium 
4. Chlamydomonas 22. Oocystis 

5. Chlorella 23. Oscillatoria 
6. Closteriopsis 24. Pachycladon 
7. Closterium 25. Pediastrum 
8. Coelastrum 26. Pleurotaenium 
9. Cosmarium 27. Scenedesmus 
10. Crucigenia 28. Schroederia 
11. Cylindrospermum 29. Sphaerocystis 
12. Diatoms 30. Spirogyra 

13. Dinobryon 31. Spondylosium 
14. Eudorina 32. Staurastrum 
15. Euglena 33. Stigeoclonium 
16. Gloeocapsa 34. Tetraedron 
17. Gonium 35. Ulothrix 

18. Gonyaulax 36. Zygnema 
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A PRELIMINARY INVESTIGATION OF THE EFFECTS OF 
NAPHTHALENE ACETIC ACID UPON THE GROWTH 
AND COMPOSITION OF OATS 


RIcHARD B. STEPHENSON 


University of Illinois, Urbana, Illinois 


Previous experiments (1) have _ indi- 
cated that the substance naphthalene 
acetic acid may have an effect on the 
morphology and yield of some plants 
grown in pot culture when it is supplied 
in the nutrient medium. Other experi- 
ments have shown that this substance is 
active in growth correlation (2). The 
preliminary investigation described here 
is an attempt to observe in somewhat 
more detail the effects of naphthalene 
acetic acid on the growth and composi- 
tion of young oat plants, (Ill. variety 30- 
2088). 

The plants were grown in crushed 
quartz gravel in 6% inch glazed pots. 
They were supplied nutrient by a sub- 
irrigation system from three gallon bot- 
tles. Each bottle supplied two, pots. 
By means of an automatic time clock, the 
system was irrigated and drained eight 
times daily. The nutrient solution was 
renewed every two weeks. There were 
eight groups of nutrient supply: the con- 
trol or plain salts medium, and seven 
dilutions of naphthalene acetic acid in this 
medium, 0.005, .01, .05, 0.1, 0.5, 1.0, and 
2.0 mg. per liter. There were twelve pots 
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_Fig. 1.—The effect of various concentra- 
tions of naphthalene acetic acid on the per 
cent total nitrogen in the tops and roots of 
young oat plants. Note the inverse rela- 
tionship. 


with sixteen plants per pot of each dilu- 
tion and the control. These plants were 
harvested at the end of six weeks before 
the development of the first node. The 
pots were immersed in a large tub of 
water and the plants were gently ex- 
tricated from the gravel to preserve as 
much of the roots as possible. The roots 
and tops were separated and rapidly 
dried in a moving current of hot air 
(85° C.). They were then pulverized in 
a Wiley mill and the material analyzed 
for its total nitrogen content. 

The total nitrogen was determined by 
the Kjeldahl-Gunning method (with 
CuSO, catalyst) with micro-digestion and 
distillation . equipment. The average 
sample weight was 50 milligrams. De- 
terminations were made in triplicate. Re- 
sults are shown in Fig. 1. The inverse 
relationship of the graph suggests that 
some influence of naphthalene acetic acid 
on transport might be involved. 

A difference in appearance of the plants 
was noted while they were growing. 
Those in concentrations of naphthalene 
acetic acid above .5 mg. per liter were 
much darker in color than any of the 
others and their leaves did not fall aside 
from the stems as in normal growth. The 
chlorophyll content of the dried tops was 
compared colorimetrically in acetone ex- 
tracts with the results shown in Fig. 2. 

Ascorbic acid determinations were 
made on 5 gram samples of fresh tissue 
at the time the plants were harvested. 
The amount found in all samples was un- 
usually constant, having extreme values 
of 25-29 mg. per cent ascorbic acid. 2-6 
dichlorophenolindophenol was used to 
titrate the metaphosphoric-trichloroacetic 
acid extract of ascorbic acid. 

The dry weight yield of both tops and 
roots generally was lowered as the con- 
centration of naphthalene acetic acid in- 
creased, except that a slight increase over 
the control occurred in the lowest con- 
centration, 0.005 mg. per liter. 
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Fig. 2.—The effect of various concentra- 
tions of naphthalene acetic acid on the 
chlorophyll content of the tops of young 
oat plants. 


The data obtained in this preliminary 
study show that naphthalene acetic acid 
supplied in nutrient solutions affects the 
total growth of oat plants and the amount 
of chlorophyll in the leaves. It also 
affects inversely the amount of nitrogen 
in tops and roots. It has no apparent 
effect on the ascorbic acid content of the 
tops. 
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PRELIMINARY STUDIES ON RIBOFLAVIN (VITAMIN B.) 
CONTENT OF PLANT MATERIALS 


STanLeyY A. Watson, University of Illinois, Urbana, Illinois 


It will probably be agreed that the last 
decade has brought forth much startling 
and important knowledge in regard to 
the chemistry and physiology of the 
vitamins and there is every indication 
that there is still much to be done. One 
of the most interesting and intensive 
phases of this work has been the isola- 
tion and identification of the vitamins of 
the “B-complex.” Aside from the com- 
mon feature of water solubility, each one 
seems to be universally distributed in liv- 
ing, growing organisms which probably 
indicates that most of them, at least, are 
indispensable to all forms of life. Sev- 
eral members of this group which have 
been most studied, thiamin, riboflavin 
and nicotinic acid, haye been shown to 
exert their influence as prosthetic groups 
for enzymes or as co-enzymes in cellular 
respiration. The author of a recent re- 
view (1) has stated that over 700 papers 
were written on the water soluble vita- 
mins during 1941. However, even a 
cursory reading of the text reveals that 
the proportion of papers dealing with 
plant-vitamin relationships (excluding de- 
terminations on foods) is exceedingly 
small. 

Green plants are known to be the pri- 
mary seat of vitamin synthesis not only 
for themselves (wherein they are not 
vitamins according to definition) but for 
all animals dependent upon them directly 
or indirectly for food. The study of vita- 
min relationships in plants should be a 


rich field of physiological endeavor but 
has been slow getting started mainly be- 
cause of a lack of adequate methods for 
their determination. A recent publication 
by Williams and co-workers (2) presents 
microbiological assay methods which re- 
quire little outlay for equipment and 
appear to be reasonably accurate. 

The present investigator has applied 
the microbiological method for riboflavin 
to plant materials with a view of learn- 
ing something about the occurrence, 
synthesis and possible functions of the 
substance in plants. One phase of the 
problem which is considered to be im- 
portant is the relation of mineral nutri- 
tion to vitamin content of cereal grasses 
and is being studied at the present time 
in the laboratory at the University of 
Illinois. . 

The study of riboflavin in plants seems 
to have been almost untouched up to the 
present time but experiments with other 
vitamins can serve as a guide. Riboflavin 
content of several plant materials is pre 
sented and is used to illustrate possibili- 
ties for further research. Bonner (3) 
has studied the thiamin distribution and 
transport in tomato plants and reports 
that the thiamin content, on the basis of 
gammas per gram of dry weight, is high- 
est in the youngest leaves and falls off 
with each successive leaf to a low figure 
in the oldest. The accompanying data on 


tobacco and tomato show no difference 
between the riboflavin content of young 
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TABLE I 
Plant Part | Riboflavin in gammas 
+ | per gram dry tissue 

SS oncccctnssecieecdunmaaus | Growing point and youngest leaves... .| 1 + 0.1 
| Leaves, mature_.... ae 11.15 = 0.1 
| “  , senescent... | += 0.8 
RS ee eee oe ee | Growing point and youngest leaves 23.909 = 1.0 
| Leaves, growing rapi 23.71 = 1.5 
| a 0 Ree 20.73 = 1.0 
| “* , senescent 14.37 = 1.0 
Oat (Flowering stage) ............. | tii ckdicncnksnaanaicbndbiateakndacidiue’ 9.73 = 0.5 
IE cick ceed cist tidhiasdinenctriocicenalaliinsmlo Govtéiaiaatbal 23.38 «= 2.0 
Ni sein cla cs acrdathes ie Sakis 4.35 0.4 

| _ (includes leaf sheaths) 
QT ee een On a 14.909 + 0.1 
NS tis cckpsunicneecukd | Leaf margins (chlorophyl)...........----.------- 21.68 = 0.9 
| Leaf centers (no chlorophyl).................-.--| 22.17 = 1.3 
eee ees I i a 15.76 = 1.3 
0 een Reproductiv: IS Oe TETAS 11.58 = 0.3 
(Var: Old Dominion) Na To a AI 16.49 + 1.0 
| Vegetative, NSAP Ta ROSARY | 8.75 = 1.0 
SEES EL ere 10.48 += 1.0 





and mature leaves but shows a low value 
for senescent leaves. This may be due 
to destruction or removal of riboflavin 
from necrotic cells. By means of girdling 
experiments, Bonner was able to conclude 
that thiamin is apparently synthesized in 
the mature leaves and transported up or 
down the stem to the growing leaves and 
to the roots. This technique might be 
profitably applied to the other B vitamins. 

The data on the oat plant indicates 
that the leaf is the place of synthesis of 
riboflavin. Its occurrence in the stem 
might be in part due to transport to the 
flowers and to the roots. The difference 
between the concentration in tobacco and 
tomatoes is interesting but should be 
confirmed because the tobacco samples 
were not analysed until several months 
after they were dried. They were stored 
at room temperature in light-tight con- 
tainers. 

As early as 1935, Kuhn and Kalt- 
schmitt (4) investigated the possible re- 
lationship between riboflavin and chloro- 
Phyl in the green leaf but came to no 
definite conclusion. The results of analy- 
sis of variegated cloeus leaves and of 
magnolia petals would lead one to believe 
that there is no necessary relationship 
between chlorophyl and riboflavin con- 
tent. It is especially interesting if one 
assumes that the only difference between 


the cells of the margin and those of the 
center is presence or absence of chloro- 
phyl. 

Loehwing’s (5) investigation on the 
chemistry of sex expression in spinach 
suggested that there might be a differ- 
ence in vitamin content between male and 
female because of apparent differences in 
metabolic activity. The female plants, 
which seem to have a higher rate of 
nitrogen metabolism also show a higher 
riboflavin content. This conforms to the 
previously reported (6) relation between 
protein synthesis and riboflavin content 
in oats. 

The list of vitamins of the “B-complex” 
now includes 7 known chemical com- 
pounds and the list is probably not com- 
plete. The application of some of the 
above-mentioned methods to the study of 
each of these factors in plants offers a 
field of fundamental and productive re- 
search, 
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PAPERS IN CHEMISTRY 


FroM THE REPORT OF THE SECTION CHAIRMAN 


The Chemistry program carried 11 papers, 8 of which are herewith pub- 
lished. The others were: 


I 


Garvey, N. F., Supervisor Visual Aids, University of Illinois, Urbana, 
Illinois, Review of 1940-41 movies useful in the teaching of physical 
science. 

McLain, M. H., Wilson Junior College, Chicago, Illinois, Review of 
1940-41 texts for teaching of chemistry in first two years of college. 

VAN ARSDELL, PRUDENCE, and Gustav Eetorr, Universal Oil Products Co., 
Chicago, Illinois, Nomenclature of cyclic hydrocarbons. 


Forty-five attended the meeting and elected as chairman for the Jackson- 
ville meeting May 7-8, 1943, H. W. Gould, Northern Illinois State Teachers 
College, DeKalb, Illinois. 

(Signed) N. D. CHEronts, Chairman 
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NEW ACID-BASE TERMINOLOGY 


C. W. BENNETT 
Western Illinois State Teachers College, Macomb, Illinois 


The last twenty years have seen a 
rather amazing change in the meaning of 
the terms acid and base for those who try 
to keep up with new developments. The 
following summary of the more important 
proposals will show that the meaning of 
the terms become more and more inclu- 
sive. 

a) Arrhenius 1887—Hydrogen ion 

donor in water. 

b) Brénsted 1923—Proton (H* ion) 

donor in general. 

c) Germann  1925— Solvent-cation 

donor. 

d) Lewis 1923 and 1938—Electron- 

pair acceptor. 

e) Sidgwick 1927—“Acceptor” for 

same idea as Lewis. 

f) Usanovich 1939—More inclusive— 

electrophile. 


The Journal of Chemical Education has 
published many articles concerning the 
new ideas and has recently reprinted a 
very valuable selection of them in book 
form. To me the ideas of G. N. Lewis’ 
seem most reasonable. Usanovich’s acids 
include almost everything, Lewis’ acids, 
oxidizing agents and other substances 
while the Brénsted theory is forced to 
omit some real acids like SO: and SnCk. 
Lewis defines an acid as “a molecule, ion, 
or radical capable of accepting a pair of 
electrons furnished by some other ele- 
ment or group. Conversely, a base is a 
structure which can furnish such an elec- 
tron pair.” 

Many felt at first that the new ideas 
were all right if only new names were 
applied. Sidgwick,’ for example, calls the 
Lewis acids “acceptors” and the bases 
“donors.” Lewis, however is rapidly 
gaining support and the logic of his posi- 
tion is asserting itself. 

When one considers the classical con- 
notation of the word “base,” it is hard 
to see how it could be the foundation of 
anything but the new usage makes it the 
base or foundation of an acid. The word 
“acid” means sour and that is generally 
true of Lewis’ “acids.” All the classical 


acid radicals as well as some other 
entities are called bases by the new sys 
tem. Thus the acetate ion is the base 
of HC.H;0. Acids or bases may be 
cations, neutral molecules, or anions as 
the following examples will show: 


ACIDS (Electron-pair Acceptors) 


Cations Molecules Anions 
H;0* HCl H:P0, 
NH,’* HC:H:0, HPO, ~ 
Zn** SnCk HC.0. 
Agt H:O HSO. 
Fet** HsPO, 
ar SO, 

Meg** HAIO, 
or SO; 
BASES (Electron-pair Donors) 

Cations Molecules Anions 

Zn(OH)* H:0O OH- 
Al(OH)** NH: PO." 
AlO* Al(OH): HPO; ~ 
Fe(OH) ** NH:.0OH H.P0. 
Fe(OH);:* CN- 
FeO* C:.H;0.- 
so. ~ 
HSO. 
o-- 


Those which occur in both lists would 
be called amphiprotic (since the words 
amphoteric and ampholytic are now ob- 
solete). Perhaps the most striking con- 
strast is in the classical use of the word 
“bases” in Soil Chemistry and qualitative 
analysis for cations and “acids” for 
anions. The new theory makes most of 
these same cations “acids” and the anions 
“bases.” Thus Zn**, Al**t, Fet** have 
long been called bases but their solutions 
taste sour, turn litmus red and have 
other characteristics of acids, alum even 
being substituted for the acid in cheap 
baking powder. Modern ideas are there 


fore more realistic. 

Again, solutions containing such ions 
as CN’, C:H;0:, Si0;-~, S"-, SH", COs” 
and OH™~ have a distinct basic reaction, 
yet some older books, especially qualita- 
tive texts, call them acids, including even 
OH™ by courtesy. 
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It would seem then, that at least for 
cations and anions, the new ideas are 
more logical than the classical. There is 
a feeling among many that somehow it 
is the Na* in NaOH that makes it a base. 
The new theory would say it is the OH” 
which is the base and that the Na* is such 
a weak acid that it has practically no 
neutralizing effect upon the OH. Clas- 
sical defenders will at once argue that 
NaOH is strong while Zn(OH): is weak. 
They will say that this proves that the 
cation is what makes a base. The an- 
swer is that the cation is important but 
not in the way they thought. The Zn** 
is a stronger acid than the practically 
neutral Na*, and so partly neutralizes or 
minimizes the effect of the OH. This 
attitude, anyway, is no doubt a hangover 
from the confusion of a free element 
with its ion. While sodium is a very 
active element, the sodium ion is quite 
inactive, and it is this inactivity which 
allows the other ions of sodium com- 
pounds to exhibit their unhampered 
effects. 

Now the Cl is a very weak base and 
practically neutral, while C:H;0. is a 
strong base. The molecule acid, HCl, is 
strong because Cl” has little or no neutral- 
izing effect upon the acid. HC:,H;0, is 
weak because C:H;0. has a strong basic 
reaction and so reduces the acidity of the 
molecule. 

The reaction between an acid and a base 
is not necessarily neutralization but can 
usually be fitted into the following 
scheme or a modification of it. 


Acid: + Base: =<» Acid: + Base, 
HCl + H:O = H,O* + Cr 
H;:0* + OH” = H:O + H:O 


The word salt is restricted to a sub- 
stance which has an ionic lattice in the 
solid form and is completely ionized 
when fused or dissolved. Thus, Na‘Cl, 
Na‘OH-, and H:;O*'CI are all salts but 
As.S;, HgCl. and CdCl. are excluded since 
the latter are practically un-ionized. 

A classical “neutral salt” like Na*Cl- 
is a salt which contains the practically 
neutral weak acid Na* and the practically 
neutral weak base Cl-. A classical “base” 
like Na*OH™ is a salt which contains the 
weak acid Na* and the very strong base 
OH. H:O*°Cl is a salt which contains 


the strong acid, H:O* and the practically 
neutral base CI. 

It is unreasonable to call Na‘OH™ a 
base and not a salt and refuse a similar 
classification to Na*tCN’, Na*.CO;-, 
Na*SH, Na*.S- oe Na*C:H;0:", Na*.SiO;- "9 
etc., which are in some cases almost as 
basic in reaction. Furthermore, the dry, 
fused classical “salts” and “bases” will 
carry an electric current while pure clas- 
sical “acids” in the liquid state will not 
carry a current unless an ionizing solvent 
is added. This shows that there is no 
fundamental difference between the first 
two classes which are now to be classed 
simply as salts, containing more or less 
active bases. The term “base” is thus re- 
leased for a more fundamental meaning. 
Classical “acids” do not become salts, 
however, until they have reacted with an 
ionizing solvent. Thus HCl must react 
with H:0, NH: or similar ionizing solv- 
ent to form an “onium” salt. 

HCl + H:O0 = H:0* + CI- 
HCl + NH; = NH,«* + Cl 
Types of Lewis Salts 
Classical Salts “Onium” Salts 


Na*Cl- NH,*Cl- 
K*NO;- H;0°Cl 
Ca**SO. - NH,*OH- 
Fe***Cl’s H,0*HSO, 
Classical Bases Not Salts 
Na‘*OH- As:S: 
K*‘OH- CdCl. 
Li*OH™ HegCl. 
Mg**(OH-): Hg(CN): 


The more we consider these points, the 
more reasonable the new ideas become 
but one could wish that more texts and 
teachers had the daring to use them con- 
sistently. I look forward to the time 
when some department somewhere will 
start a generation of students right and 
use the new ideas entirely. I am afraid, 
however, that they would still have to be 
somewhat familiar with the classical 
ideas in order to be able to converse with 
the “barbarians” elsewhere. 
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SEMIMICRO METHODS IN THE TEACHING OF 
CHEMISTRY 


NicHoLAs D. CHERONIS AND PETER G. ARVAN 


Wright Junior College, Chicago, Illinois 


The introduction of methods and 
technics permitting chemical experimen- 
tation with very small amounts was in- 
troduced about the first decade of the 
present century. The earliest uses of 
micro methods appears in biochemical 
and mineralogical investigations. In the 
detection of poisons it became necessary 
to develop tests using small amounts of 
materials and having high sensitivity. 
Also, as early as 1894, micro methods had 
been developed for the identification of 
a large number of minerals using in 
many cases a single crystal or 1 mg. of 
a substance were described. (1903.) 
The first microbalances were developed 
between 1909-1911. The work of Emich 
and Pregl during the early part of the 
century in the development of micro- 
chemical methods in quantitative organic 
analysis may be regarded as the begin- 
ning of a systematic growth in micro and 
semi-micro methods in chemical experi- 
mentation. 

It was clearly recognized that the 
micro methods saved time and material, 
without sacrificing accuracy, provided 
the proper technics were used. Between 
1925-1935, a few universities in this 
country introduced courses in micro- 
chemical quantitative organic analysis. 
One of the first introductions of the 
micro methods to undergraduate instruc- 
tion was by E. C. Gray of Cairo, Egypt, 
who in 1925 developed a course in gen- 
eral chemistry. Though a manual was 
published, these methods did not take 
root in the teaching of general college 
and high school chemistry. The main 
reason is probably that these early at- 
tempts introduced actually micro meth- 
ods, that is, the work involved a drop of 
the liquid, or a few milligrams of a solid. 
It was not until the micro methods were 
changed to semi-micro that they found a 
place in the college curriculum, in the 
teaching of Qualitative Analysis. En- 
gelder at the University of Pittsburgh 
introduced such a course at about 1930 
and published his first results in 1932. 


This marks the beginning of a rapid 
growth in the introduction of the semi- 
micro methods to the teaching of Chem- 
istry. Today about 75 per cent of the 
colleges and universities use the semi- 
micro technic in the teaching of 
Qualitative Analysis. 

Although the semimicro technic has 
been introduced widely in the teaching of 
qualitative analysis only limited progress 
has been done in the introduction of 
these methods in the teaching of general 
chemistry both at the college and high 
school level. As shown by the bibliog- 
raphy there have been a few attempts but 
the method has not yet taken root. The 
introduction of the semi-micro methods 
to the teaching of elementary organic 
chemistry did not start until recently. 
The difficulties in this field are much 
greater, 
condensers and distillation flasks for 
handling small amounts had to be de- 
veloped first before any of the traditional 
experiments can be adapted to the new 
technic. 

The war has brought great demands 
for economy not only of materials but 
also of time; it seems therefore impera- 
tive that teachers should reexamine their 
disinclination to stray away from the 
easy beaten path of the tried and true 
traditional methods. The  semi-micro 
technic for. teaching sacrifices. none of the 
objectives of any laboratory course in 
chemistry—and in addition offers a num- 
ber of distinct advantages. On the basis 
of the experience of teachers who have 
worked with these methods the following 
advantages may be safely claimed: (1) 
The factual material of chemistry and 
the illustration of principals can be illus- 
trated as well with 0.5 g. as with 10 g.; 
(2) Technics, cleanliness and accuracy 
are better and more highly developed by 
the micro methods than by the traditional 
micro methods; (3) A smaller initial in 
vestment for equipment and what is 
more important, less breakage and up 
keep; (4) The student is enabled to do 
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a great deal more in the time available 


without sacrificing thoroughness; 


(5) 


The accident hazard is reduced; accidents 


become micro accidents; 


(6) The micro 


methods can be well adapted to develop 
the student’s curiosity for self-develop- 


ment. 


The hobby of the “home labora- 


tory” which is difficult or impossible with 
macro equipment not only can be en- 
couraged but it can be used to greater 


advantages. 


The space needed at home is 


very small, with little or no fumes or 


odors. 
raphy of micro and semi-micro methods: 


The following is a partial bibliog- 


for the teaching of chemistry. 


1, 


ov 


= 


Micro Methods _of mn Organic 
Analysis, J. B. Neiderl and ictor 
Niederl, John Wiley and Sons, (1942). 
Semi-Micro oh te in High School 
Chemis wey & Law, Science Teacher, 
Vol. 9, 1, (1942 

Semnt: hiker “e uipment for High School 
and Oollege Chemistry, W. J. Schiller 
and Sister N. Lawrence, J. Chem. Educ., 
Vol. 18, 543, (1941). 

Semi-Micro Chemistry ae 4 the Begmeiag 
Student, V. E. Wood and H. R. M.  saele 
J. Chem. Educ., Vol. 18, 427, (1941). 
Adwances of *Semi-Micro Technic in 
Teaching Qualitative Analysis, P. Ar- 
eT J. A. Burrows, O. Smith and 


mes J. Chem. Educ., 18, 385, 
Semi-Micro seeeetee Analysis for 
College Freshm J. Dalton, J. 
Chem. Educ., 17, “182, (1940). 

The Use of Semi-Micro Technic in Ele- 
ment. rganic Chemistry I, N. D. 
Cheronis, J. Chem. Educ., 16, 28, (1939). 


Semimicro and Macro ‘Organic Chem- 
istry. N. D. Cheronis. Crowell, (1942). 
The Use of Semi-Micro Methods in 
Undergraduate Instruction, E. Deger- 
ing, J. Chem. Educ., 16, 276, (1939). 
The Teaching of Qualitative ar: ag A 
by the Semi-Micro Metho 

Smith, J. Chem. Educ., 75, $34, (1938). 


10. 


11. 


12. 


13. 


14, 
15. 


16. 


A Laboratory Manual for High School 
Chemistry with Semi-Micro Methods, 
e938), and Lawrence, Welch Mnfg. Co., 
The Teachin 
Niederl, J. 

Semi-Micro 


of Micro Chemistry 
em. Educ., 18, 254, 
Methods in Qualitative 
Analysis, Engelder, Dunkelberger and 
Schiller, John Wiley and Sons, (1936). 

The Teaching of Micro Chemistry, A, A. 
253, (1886). J. Chem. Educ., 18, 

Jackson, 


253 
y 2 J. Chem. 
tie. (1935). 


Micro ea! 

Educ., 

Sout white Qualitative Analysis, Hogg- 
Viste Johnson, Henry Holt and Co., 
Benedetti-Pichler and Spikes, Introduc- 
tion to the Micro- a Inorganic 
and Qualitative Analysis, 5 ng -chemi- 
eal oe Danglaston, L. IL, N. Y., 


U1 336). 


(19 

Gas Generator for Micro Chemistry, 8S. 
Susman, J. Chem. Educ., 11, 375, (1944). 
Microchemical ualitative ‘Analysis 
Without Sulfides, M. Gerstenzang, J. 
Chem. Educ., 11, 369, (1934). 

The Role of ‘Micro Chemistry in Chemi- 


cal Education, Paul E. Spoerri, J. Chem. 
Educ., 10, 491, (1933). 

Laboratory Directions in Micro In- 
organic Chemistry, Hjort and Wood- 
ward, Edwards Bros., Inc., Ann Arbor, 
Mich., (1933). 

Increasing the Sensitivity 
Reactions, E. W. Blane, J. 
10, 746, (1933). 
Micro Methods in 


of Chemical 
Chem. Educ., 


General Chemistry, 


Hjort and Woodward, J. Chem. Educ., 

9, 1815, (1932). 

Engelder and Schiller, A System of 
walitative Microanalysis, J. Chem. 
duc., 9, 1636, (1932). 

Microchemical Laboratory Manual, 

—e John Wiley and Sons, 

Practical Methods by Micro Methods, 

Cc. Grey, W. Heffer and Sons, Cam- 


bridge, England, (1925). 
uantitative Organic Micro Analysis, 
tz Pregl, P. Blakiston’s Son and Co., 
(1924). 
A Manual of Microchemical Analysis, 
H. Behrens, MacMillan, (1894). 
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IN 


THE TEACHING OF CHEMISTRY AT THE 
HIGH SCHOOL LEVEL 


C. W. 


Decatur, 


In the consideration of recent text- 
books in chemistry, I am reminded of a 
statement by Dr. Samuel Ralph Powers, 
regarding educational practices in gen- 
eral. He states that “practices in educa- 
tion are influenced by the condition of 
the times in which they are current and 
seem to represent a fusion resulting from 
conflict between apparent demands of an 
immediate and on-going social milieu and 
traditional procedures based upon sup- 
posed needs of the past!’* Examination 
of textbooks on the high school level re- 
veals on one hand an obvious tendency 
to comply with the suggestions of modern 
educational procedure; on the other, a 
reluctance to break sharply with tradi- 
tion. The observation is not intended as 
a criticism of publications in general, but 
as a statement of fact, as I see it. There 
is even a possibility of the condition per- 
sisting to the extent that the success of 
a textbook is measured in terms of volume 
of sale. If this is true, those attempting 
the production of a volume of material 
suitable to the needs of a course of in- 
struction cannot be criticized too severely 
for an adaptation to an established prac- 
tice—the manner in which work of this 
kind is approved, published, and accepted 
by the educational world. 

One might be inclined to question 
whether or not there is cause for a cer- 
tain devotion to the traditional methods 
of educational procedure; however, we do 
not have to search long to find evidence 
of it. Belting and Clevenger in The High 
School At Work remark . . . “though we 
live in a world of progress and change, 
tradition has spun its web around hun- 
dreds of our high schools so strongly that 
if one of the colonial schoolmasters could 
rise from his grave for a visit to them, 


1Po wers, 


Samuel Ralph: 
Education” 


“Preparations 


DEWALT 


Illinois 


he would feel quite at home.” Dr. 
Powers in the discussion mentioned 
above says, “There can be no doubt that 
science teachers in many schools have 
failed to keep adequately in touch with 
trends in education and with the social, 
economic, and political developments of 
the dynamic society of which they as in- 
dividuals and as teachers are a part. This 
is obvious to anyone who will take the 
trouble to observe it.’”” 

Regardless of the status of science in- 
struction, the tendency of many textbooks 
to follow the trends of modern educa- 
tional practice should do much to correct 
a condition that has long been ignored by 
those who are subject-matter minded. 

In the main, the modern approach 
seems to stress certain factors: namely, 
the education of numbers, regardless of 
individual differences; less formal presen- 
tation with greater adaptation to social 
needs; consideration of economic princi- 
ples, that is, the conservation and utiliza- 
tion of natural resources; care of health, 
physical and mental; a recognition of the 
educational value of activity; and the or- 
ganization of information into units of 
instruction that can be integrated with 
material of other courses.‘ 

With these factors in mind, I should 
like to consider the following features: 

1. Philosophy: What is the book expected 


to teach? How is the objective to be 
attained? . ; 
2. Mechanics: <A. Basic organization. B. 


Outward appearance, dimensions, and 
construction. C. Size and clearness of 
print. Readableness of material. D. 
Number and —— of diagrams, photo- 
graphs, and other illustrative materials. 

3. Content Materials: A. Chemical prin- 
ciples, theories and laws. B. Discussion 
materials. C. Descriptive materials. D. 
Contributions of chemistry to _ science. 
FE. Glossary of terms, tabular material, 
and appendices, 

4. Learning Materials: 
ities and projects. 


A. Research activ- 
B. Use of knowledge 


of Science a to Contribute to General 


: ‘School Science and Mathematics, April, 1942, 


315. 
2 Belting and Clevenger, “The High School at Work, - Chapter p20 
* Powers, op. cit., p. 317. 
* Adapted from Powers, op. cit., pp. 316-17. 
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gained. C. Development of ideas and 
principles. D. Topics for investigation. 
E. Unit recitation and tests. F. Supple- 
mentary exercises. 


5. Teaching Aids: A. Films. B. Film 
strips. C. Slides. D. Posters. FE. Dis- 
plays. F. Free teaching aids. 


6. Evaluation: . Methods for testing 
ability to think reflectively. B. Methods 
for testing ability to use the scientific 
method. 


I should like to discuss, first, the texts 
of recent copyright still organized on the 
topical plan. In this group I have se- 
lected the following: 

1. New World of Chemistry, by Bernard 
ory Silver Burdett Company, Chicago, 


2. Chemistry and Its Wonders, by Oscar L. 
Brauer; American Book Company, 1938. 

3. First eee of Chemistry, by Brown- 
lee, Fuller, Hancock, Sohon, and Whitsit : 
Allyn and Bacon, Chicago, 1940. 

4. General Elementary Chemistry, by John 
C. Hogg and Charles L. Bickel: D. Van 
Nostrand Company, New York, 1941. 


New World Of Chemistry seeks to de- 
velop well informed, intelligent indi- 
viduals, capable of complete adjustment 
to life situations. Furthermore, it seeks 
to impress students with the importance 
of science, and to create a desire for use 
of the scientific method. The book is 
attractive in design. The type is of mod- 
erate size, and clear. Diagrams, photo- 
graphs, and murals are clear and 
abundant. They are well chosen , and 
contribute much to a general theme, that 
is, the role of science in the development 
of civilization. Although there are a 
large number of chapters, the sequence is 
good. The language is simple and clear. 
Technical terms are made intelligible to 
the student. Chemical principles are 
carefully developed, and the illustrative 
materials are compact. At the close of 
chapters there is a brief list of selected 
readings; a summary of useful ideas de- 
veloped; two groups of review questions— 
the second brief, but sufficiently difficult 
to challenge the stronger students. Also, 
there are suggested activities, projects 
and investigations. In addition to a de 
velopment of chemical principles, there is 
direct effort to impress students with the 
importance of learning, and the values 
of the scientific approach. The work is 
inclusive, in that it treats the earliest 
developments, and also modern contribu- 
tions. It suffers somewhat from tradi- 
tional organization. 

Chemistry And Its Wonders is intended 
to contribute to the general culture of the 
individual. An extreme effort is made to 
show the relation of chemistry to life. 
The book is attractive; however, it is 


slightly cumbersome for ordinary use. 
The type is large, clear, and the material 
is very easy to read. Photographs and 
diagrams are numerous and appropriate, 
the latter being particularly illustrative. 
The reading material is interspersed 
with simple experiments to be demon- 
strated by the instructor. At the close 
of chapters and at appropriate places 
within chapters there are numerous re- 
view questions. The questions are de- 
signed to review scientific facts and to aid 
in understanding principles developed. 
Additional exercises for superior stu- 
dents, and supplementary reading lists, 
compensate in part for a lack of formal 
data. Some of the later chapters—Chem- 
istry and Health, How Chemistry Helps 
the Doctor, The Chemistry of Cooking, 
Chemistry and Transportation, The Chem- 
istry of Common Things—indicate the 
general purpose of the work. The book 
is an excellent reference, but it is 
searcely adequate as a _ textbook for 
ordinary high-school work. 


Elementary General Chemistry is 
strictly traditional chemistry. The book 
is plain in design, and organization. No 
particular philosophy is expressed by the 
authors. The numerous chapters close 
with a few questions on factual data. 
There is an occasional summary, and an 
occasional list of practice problems. At 
the close of the book there is an adequate 
list of supplementary readings; also, some 
review questions. Few of the questions 
provoke thought, nor do they test ability 
to use chemistry in a practical way. The 
book is designed to serve the needs of 
schools having one or two years of chem- 
istry. I doubt if it would serve either 
very well. 


First Principles Of Chemistry is a book 
that has enjoyed a wide usage. The au- 
thors were among the first to break 
sharply with tradition. Although the 
copyright lists three revisions since the 
1931 edition was published, the book is 
sadly out of date. Compared with some 
recent publications, the book is not par- 
ticularly attractive. It is lacking in 
photographs and illustrative materials. 
There are numerous learning exercises 
within chapters and at the close of chap 
ters. Also, there are four general tests, 
designed to cover certain sections of the 
book. The summaries at the close of 
chapters deal with facts only. There is 
no provision for individual differences, 
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no projects are suggested, and no sugges- 
tions are made for supplementary read- 
ings. A satisfactory revision of the book 
is long overdue. (I understand the work 
is in progress.) 

The second group of books considered 
are organized on the unit plan. I have 
selected the following for consideration: 


1. Modern Life Chemistry, by Kruh, Carle- 
ton and Carpenter; J. B. Lippincott, Chi- 
cago, 1941. 

2. Chemistry and You, by Hopkins, Davis, 
Smith, McGill, and ——™* Lyons and 
Carnahan, Chicago, 1939 

3. Chemistry at Work, by McPherson, Hen- 
derson, and Fowler; Ginn and Company, 
Chicago, 1938. 


Modern Life Chemistry is based upon 
the philosophy that the individual is of 
prime importance. It is desired that the 
course of instruction will benefit the indi- 
vidual in a personal and social manner. 
The book is attractive, modern, and well 
organized. The diagrams and photo- 
graphs are numerous, but many are not 
clear. The careless design of many dia- 
grams constitutes a serious defect, in an 
otherwise very creditable publication. 
Numerous charts and tables have been 
used to good advantage. The book con- 
sists of eleven units; a number of discus- 
sions concerning contributions of modern 
chemistry; an appendix of useful mate- 
rials; and a long list of supplementary 
references. Five of the units in the 
earlier part of the book deal with the 
fundamentals of chemistry. Six units in 
the latter part of the book deal with 
chemistry as it is used in a practical way. 
Each unit is organized about a basic idea, 
or principle. The units are broken down 
into specific contributory problems. All 
units and all problems have a definite 
assignment. Following the problem as- 
signment is a presentation of subject 
matter and a list of summary exercises 
for all students. At the close of the units 
there are optional exercises, problems, 
and topics for investigation. Also, a unit 
recitation and test dealing with topics 
for oral or written recitation. The theory 
of the book is that knowledge alone is in- 
sufficient; the student must be trained to 
use the scientific method. The materials 
and organization of the book are well 
adapted to this end. 

Chemistry And You is based upon the 
theory that individuals are constantly 
confronted with new problems. For this 
reason the students should learn to solve 
problems as they appear. In order that 
they may be able to do so, they must 


learn to use the scientific method. The 
learning materials are adapted to this 
end. This is an attractive book. The 
print is small, however clear; the dia- 
grams are not numerous, but they are 
adequate, and clear in design; photo- 
graphs are few in number, but good. 
There are sixteen units in the book. The 
units are developed about fundamental 
principles and generalizations. Units open 
with a preliminary discussion. Major 
problems are suggested by means of spe- 
cific questions. At the close of the as- 
similative material bearing on the prob- 
lems, two or three appropriate readings 
are suggested. Also, there are sugges- 
tions for the application and use of chem- 
istry. Research activities are given to 
stimulate continued study. At the close 
of the unit a comprehensive summarizing 
test is provided. It is followed by a dis- 
cussion review. Attention is focused 
upon economic principles, through ex- 
tensive units dealing with health, natural 
resources, and metals. An extensive list 
of supplementary readings is provided in 
the preface of the text. The content ma- 
terials are well adjusted to the develop- 
ment of problem solving abilities. 


Chemistry At Work is intended to 
teach students that science is the result 
of careful observation and experimenta- 
tion; careful formulation of theories and 
laws; and that the body of knowledge is 
constantly growing. Furthermore, it is 
suggested that the material should be 
interesting, and as practical as possible. 
The book is attractive, and of good con- 
struction. While slightly larger than the 
average book, the dimensions are not ob- 
jectionable. The print is of moderate 
size, and clear. The material is easy to 
read. Diagrams and photographs are 
numerous and generally good. The four- 
teen units in Chemistry At Work are 
broken down into chapters. Chapters are 
headed by a preliminary discussion. At 
the close there is a summary in question 
form. Also, numerous thought questions 
and optional exercises are provided. At 
the close of units an extensive list of 
supplementary exercises is given. Appar- 
ently, the authors do not feel that the 
student is of first importance. Contents 
of the book reveal a considerable respect 
for science as an end in itself. 


Conclusions.—Practically all of the 
books mentioned are written on a second- 
ary level and may be adjusted to the 
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needs of the average student. In most 
cases there is an increasing tendency to 
stress individual and social needs as well 
as factual data. 

Three of the books: Modern Life 
Chemistry, New World Of Chemistry, and 
Chemistry And You, provide an abun- 
dance of learning materials, thus indi- 
cating a profound belief in the educational 
value of activity. 

None of the books make suggestions 
concerning visual aids in the form of 
tilms, film strips, slides, posters, and free 
teaching aids. 


No provision is made to evaluate prog- 
ress made in the effort to employ re- 
flective thinking, or to learn the use of 
the scientific method. There is urgent 
need for means and methods of measuring 
progress. 

Often the teacher is reminded that in- 
struction is of little value unless it be- 
comes functional. In reply, the instructor 
asks, “How can it be made functional?” 
It is my sincere belief that the authors 
of Modern Life Chemistry, New World Of 
Chemistry, and Chemistry And You have 
done much to answer the question. 





NEW SOURCES OF MINERAL ELEMENTS IN ANIMAL 
NUTRITION 


W. P. E_msiiz, W. R. Bunting, R. A. Sturpy, anp Paut R. CUTTER 


Moorman Manufacturing Company, Quincy, Illinois 


Introduction.—In the national war 
effort, many scarce and necessary ma- 
terials have been designated as “strategic 
materials.” Among these are certain 
metals of nutritional importance which 
are called “trace elements” in nutrition 
and which are essential to animal’ life. 
They overcome some “hidden hungers,” 
and it is therefore important under many 
conditions of livestock feeding to supply 
available sources of these elements. 

Manganese, cobalt, and copper are 
among the most important of these ele 
ments, Manganese in the form of a 
soluble salt is now included in the ma- 
jority of poultry feeds to prevent perosis 
or slipped tendons and to improve egg 
production and hatchability of the egg. 
It also prevents certain types of lameness 
in pigs according to recent work from the 
Pennsylvania Agricultural Experiment 
Station. 

The element cobalt is lacking in the 
soils and vegetation of many regions of 
the world. In this country, such cobalt 
deficient areas are found in Florida, 
Texas, Michigan, and other regions. 
Cobalt is necessary for the normal nutri- 
tion of domestic animals, particularly 
cattle and sheep, and a deficiency pro- 
duces a typical anemia which may be 
_— severe and result in great economic 
oss. 

Copper is known to be necessary for 
the building of the hemoglobin of the 
blood and for the utilization of iron in 


the body. A copper deficiency has been 
demonstrated in the soils of Florida, and 
it has been shown that the administra- 
tion of copper compounds to livestock 
has given remarkable results. 

All of these elements are commonly 
supplied in livestock feeds in the form of 
soluble salts such as the sulphates. Since 
these salts have become “strategic ma- 
terials,” it has become important to in- 
vestigate non-strategic substitutes such as 
the crude ores and other unrefined forms 
of these metals. 

Experimental—The experimental pro- 
cedure has been as follows: 

First, to locate deposits of ores and 
other impure sources of the metal in 
question; second, to analyze for the ele- 
ments desired and also for any toxic 
materials; third, to determine the avail- 
ability to the animal of each source; and, 
fourth, when the form was found non- 
assimilable, to devise treatments to in- 
crease its assimilation by the animal. 

The investigations have covered manga- 
nese ores from Tennessee, Arkansas, and 
Missouri, cobalt ores and impure con- 
centrates from Missouri, Nevada, Ari- 
zona, and Oregon, and copper ores from 
Missouri, Nevada, and New Mexico. The 
analysis of these ores varied widely, and, 
in a few instances, ores have been found 
unsuitable for further study because of 
toxic impurities such as lead. 

Manganese—A typical experiment on 
the availability of manganese ore in- 
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volved the use of young chicks on a 
perosis-producing ration, which was high 
in phosphorus and low in manganese. 
Five lots of twenty chicks each were fed 
for six weeks on the experimental rations 
and the incidence of perosis observed. 
Supplying fifty parts per million of 
manganese in the form of a Tennessee 
ore or an Arkansas ore, or even one 
hundred parts per million as_ the 
Arkansas ore, failed to give protection 
against perosis, The results were no bet- 
ter than in the lot receiving no manga- 
nese. On the other hand, fifty parts per 
million of manganese in the form of 
manganese sulphate protected all but one 
bird. 

Schaible and his co-workers at Michi- 
gan State College reported good utiliza- 
tion of numerous manganese ores, in- 
cluding oxide ores. Tennessee and 
Arkansas ores studied in our laboratory 
were stated by the producers to be oxide 
ores. The findings reported therefore do 
not agree with those of Schaible. 

Laboratory investigations show that the 
manganese ores are made soluble and 
thus available by a simple treatment with 
hydrochloric or sulphuric acid. 

Cobalt.—The availability of cobalt to 
the animal was determined with rats by 
the production of a polycythemia or in- 
crease above normal in the red cell count 
and hemoglobin content of the blood. 
Groups of rats on a mineralized milk 
ration and receiving cobalt at the rate of 
0.6 of a milligram per rat per day 


showed a marked rise in hemoglobin 
with cobalt sulphate but only a slight 
response to the cobalt in a Missouri ore 
or crude cobalt oxide. 


The method used may be open to 
question, since cobalt in these ore forms 


might be utilized by an animal in need 


of it, where as it might not be effective in 
stimulating the hemoglobin to abnormally 
high levels. Nevertheless, it furnishes a 
basis of comparison of the relative avail- 
ability of cobalt sources. 

Preliminary laboratory treatments of 
cobalt ores have indicated that at least 
partial availability may be achieved by 
relatively simple acid treatments. 


Copper—The availability of copper 
compounds was studied with young albino 
rats made anemic by the method of 
Elvehjem, using dried whole milk. Rapid 
hemoglobin regeneration was produced 
by 0.03 of a milligram per rat per day of 
copper in the form of copper sulphate or 
of a copper carbonate ore from Ari- 
zona; however, the copper in a copper 
sudfide ore from Nevada produced no 
greater recovery from the copper anemia 
than did iron alone in the negative con- 
trol group, 

Conclusion.—_Much more work needs to 
be done, but this progress report shows 
that it is entirely feasible, by the use of 
such methods as those described, to de- 
velop new sources of the trace elements 
suitable for animal feeding and thus con- 
serve the pure metallic salts. 
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WHAT THE COLLEGES OF ILLINOIS ARE DOING FOR 
NATIONAL DEFENSE 


H. W. Gou.p 
Northern Illinois State Teachers College, DeKalb, Illinois 


The accompanying table furnishes a 
general picture of the ways in which the 
colleges and universities of Illinois are 
cooperating with the war program. The 
picture, however, is not complete. There 
is no report from some 14 other colleges 
where war-connected activities are likely 
in progress. Also most of the schools 
which have reported are carrying on a 
variety of activities hardly classifiable 
under the general heads chosen. 

As may be expected the three larger 
universities of the State, also the tech- 
nical and engineering schools, have been 
carrying on large war-connected pro- 
grams for some time. Also the universi- 
ties in particular have supplied many 
staff members for technical and confiden- 
tial governmental research. Research 
work for the branches of the military 
service is now being engaged in actively 
by teaching and research staff members. 
Both on and off campus the University of 
Chicago estimates that 80 per cent of all 
research now carried on is specifically 
directed toward some war end, 232 
members being so engaged. Here at the 
University of Illinois the department of 
physics has granted leaves to Professor 
Loomis, the head of the department and 
to 6 of its principal men to carry on a 
highly technical program of research in 
the East, all of which has been in prog- 
ress for over a year. Also the depart- 
ment of chemistry at Illinois has a num- 
ber of men similarly engaged on very 
important research projects related to 
the war for various departments of the 
government. Professor Roger Adams is 
now serving as chairman of division B 
(chemistry and chemical engineering) of 
the National Defense Research Commit- 
tee. In addition to such service as this, 
the Universities have furnished a large 
number of staff members and students 
who have gone into military service, most 
of them as volunteers. Northwestern 
University reports 43 faculty men and 
161 students plus an additional 42 men 


scheduled to leave with the hospital unit 
number 12, February 15. 

Most of the military units are in the 
universities only, such as R. O. T. C., Sig- 
nal Corps, Coast Guard, Meteorological 
Institute (at Chicago, one of five in U. S.) 
and Naval Aviation. However, it is to 
be noted that an R. O. T. C. Unit has been 
functioning in Knox College for some 
time, also a volunteer unit using the 
R. O. T. C. manual has been working at 
Shurtleff College which is near Western 
Military Academy also in Alton, Illinois. 
Also training with sea planes is in prog- 
ress at Carthage College. Civilian pilot 
training is or has been carried on in 
many of our small colleges. The Brad- 
ley Polytechnic Institute, have had a 
ground school and flight training pro- 
gram in operation for some time. 

War time courses of one kind or an- 
other are to be found in practically all 
of the colleges. It should be pointed out 
in this connection that the elementary 
courses in physics, chemistry and mathe- 
matics which have long been a part of 
the regular curricula furnish very valu 
able background training for all branches 
of the military service. ESMDT courses 
have been offered in profusion by the 
universities and many of the technical 
schools. These courses are offered either 
on the campus of the institution where 
they are organized or are given as exten- 
sion courses in surrounding areas, such 
extension courses being in charge of in- 
dustrial trained men or instructors in 
nearby colleges. At the University of 
Illinois, for example, there are now 24 
such extension courses involving a total 
enrollment of 3,600 students. These 
courses are taught in centers distributed 
throughout the State. Other courses are 
in process of being organized. At North- 
western University there are 24 ESMDT 
courses with an enrollment of 1,500: 
at the University of Chicago there are 
18 courses with an enrollment of 1,100. 
At Bradley Polytech there are 900 stu- 
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dents at present enrolled in ESMDT 
courses, also there are 1,500 students 
enrolled in a separate vocational in- 
dustrial program. It is expected that next 
year a 24-hr. round schedule will be in 
operation. At Illinois institute of tech- 
nology there are 60 courses now being 
taught with such typical enrollments as 
30 or 40 per course. It is noteworthy to 
note that at this Institution courses are 
being organized for training women for 
the industrial plants in the Chicago area. 
At Shurtleff College there are 18 ESMDT 
courses with a total enrollment of 
600. All courses of this kind are for the 
most part non-credit courses taught by 
instructors in many cases at night or out 
of class hours as overtime, and are 
taught to students outside the regular 
college or university enrollment. It 
would appear that this total program of 
courses, pointed towards training for 
specific war aims, represents the greatest 
single contribution that the colleges and 
universities are making toward the war- 
preparedness program. 

There are a number of courses that are 
either regularly taught in the curriculum 
or have been recently added which are of 
distinct service to the war program as, 
for example, radio, electronics, meteor- 
ology, and navigation. Of particular in- 
terest is a three-year radio course now 
organized in the physics department at 
Eastern Illinois Teachers College at 
Charleston. This course is being offered 
at the expense of certain other courses 
dropped temporarily from the physics 
major. 

There are many other ways in which 
the colleges are contributing to the war 
program, as for example, the Southern 
State Teachers College at Carbondale. 
The college has loaned to the community 
for half-time duty, a director of the 
Civilian Defense Council, also another 
for coordinator of War Activities in the 
area acting as liaison officer between the 
different civic and political organizations 
in the area and the local ordinance plant. 
Another member of the faculty is chair- 
man of the rationing board; still another 
a member of the local draft board. Simi- 
lar contacts have been reported in other 
colleges. 

In many cases where a college is near 
an industrial or war-production plant 
various mutually beneficial contacts have 
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been established. Members of the college 
staff may serve in advisory capacities for 
plant operations or men in the plant may 
serve as instructors in vocational or in 
ESMDT courses at the college. Modified 
credit courses may be offered which are 
pointed directly towards the training of 
students for work in the local plant and 
many of the graduates and undergrad- 
uates go into the plant as civil service in- 
spectors, etc. 

A summary of activities on our local 
campus will serve as typical illustra- 
tion of what has gone on apparently 
in most of the colleges of the State. For 
the past year a college defense committee 
has been developing possibilities for war 
connected activities in which the College 
could function. A regular College repre- 
sentative has also been appointed to serve 
as general liaison officer between the Col- 
lege and surrounding areas. Under this 
set-up the following things have devel- 
oped or are in process of development. 
(1) A committee on Civilian Morale has 
administered a program of training dis 
cussion leaders. Up to now these leader- 
ship training programs have been set up 
in 25 centers serving about 900 persons. 
The materials used at these meetings 
have been endorsed by the U. S. Office 
of Education. Requests for them have 
come from Western Teachers College, 
University of Illinois, University of Kan- 
sas, and Columbia University. (2) The 
College was one of the first to be accepted 
for the V-1 program. (3) A plan with 
the Great Lakes Naval Training Station 
under which groups of 300 men are to be 
sent to the campus for training periods 
is under consideration. (4) Several spe 
cial courses are being carried on or are 
being arranged. (a) Visual Education 
materials (University of Illinois, super- 
vision) (b) First Aid (c) Public health 
and Sanitation (University of Illinois) 
(d) Fundamentals of Radio (ESMDT) 
(e) Foundations of Engineering 
(ESMDT) (f) Lathe Practice and Map 
reading. (5) The Social Science Depart- 
ment has. conducted a winter series of 
lectures and forums for the past several 
years. This year this Department has 
brought in other members of the faculty 
for discussions of topics pertinent to the 
war emergency. (6) The college has co 
operated with the local town officials in 
the promotion of trial blackouts, also in 
an air raid warden emergency course. 
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TABLE I 7 
Civilian | R.O.T.C. Other /|E.S.M.D.T.| New or | Phys. Ed. | Accelerated 
School Morale V-1 Military | Affiliation | Modified | Program | gchedule 
Program C.P.T. Units Vocational | Courses Increased 
1, University of Chicago... 1000 Signal 
yes V-1 Meteor. | 18q(1100) yess | yes 4 quarters 
yes Coast G. | 
| 
2. University of Mlinois... 4243 Signal 24 (3600) 
yes V-1 Exptl. others yes | 3 semesters 
yes 
3. Northwestern Univ- -.-. Naval Nurses } 
yes V-1-7 Train. 24 (1500) yes | 4 quarters 
yes 
4, Augustana............- C.P.T. 10 sect. 
5. Bradley Poly Tech... V-1-5-7 (900) 
C.A.A. (1500) | year-round 
24-hr. Sch 
} 
©, COUR 5k Santas V-1 
yes Sea Plane 3 sect. 
We MR skcsecccancmnes 2-yr. Sci. 6 
Schedule 8-wk. terms 
(single units) 
8. Illinois Inst. Tech....-- 60 Courses | Courses 
for Women 
in Industry 
9. Illinois Teachers... .... V-1 5 sect. 4 quarters 
Carbondale yes C.F ,.a- 
10. Illinois Teachers... .-- yes 7sect. |3-yr. Radio 4 quarters 
Charleston ourse 
11. Illinois Teachers --.-..-- 15 centers V-1 2 (planned) 8 wks. 
DeKalb Navy Plan 1 (planned) summer 
12. Illinois Teachers --.---- V-1 yes 
Normal C.P.T. 
I NUNS co csaiialpsitcreies ical R.0.T.C. Calisthenics 
yes C.P.T. yes yes 
14. Lake Forest...........- Pre 
Ind. Plan yes 
V-1 
15. MacMurray. ..-.......-- 4 sect. 8 wks. 
summer 
M. North Park............ yes V-1 2 sect. yes 
17. Quiney Jr. College. ...-. yes C.A.A. First Aid 
ee ee V-1 Volunteer 
C.A.A. Unit 18 (600) 
19. Springfield Jr__.......- V-1 12 wks. 
yes Cadet 3 sect. summer 
Air | for 
Corps premedics 
9. 8t. Francis............. yes 7 (350) 
First Aid 
Ss Os MANNE. nc ccccccsess yes yes 
am Went Ie.........20-- V-1 4sect. | 
yes Army Plan Others | 
Planned 























It has also carried on selective service 
registrations and sugar rationing. 
Accelerated schedules have been 
adopted in several schools. This has 
taken several forms as shown in the 
table. Some schools, the University of 


Chicago for example, have been offering 
eleven to twelve weeks of summer ses- 
sions made up of two terms and are con- 
tinuing to do so. Others which have 
offered no summer work before are doing 
so now, at least in some subjects. Others 
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are extending their summer session say 
from six to eight weeks (MacMurray 
College) or from eight to twelve weeks 
or an entire semester as the University 
of Illinois and some of the teachers col- 
leges are doing. Others, like Bradley 
Polytechnic Institute are putting on a 
continuous year-round schedule, elim- 
inating the usual holiday vacations. In 


this connection there is difference of 
opinion as to the efficiency of an un- 
broken teaching period of several months 
duration. 

It would appear from this brief survey 
that the institutions of Illinois, over and 
abeve their ordinary programs, are do- 
ing a fair share in helping to train per- 
sonnel for this highly mechanistic war. 





DEMONSTRATION OF UNSTABLE 


ANIONIC COMPLEX 


FORMATION BY THE METHOD OF ELECTROMETRIC 
TITRATION 


THERALD MOELLER 


University of Illinois, Urbana, Illinois 


Although the pH value at which the 
precipitation of a given hydrous oxide 
or hydroxide occurs is in general inde- 
pendent of the type of anion present, in 
those instances where the anion is 
capable of coordinating with the cation, 
the concentration of the latter may be 
reduced to such an extent that excessive 
quantities of alkali must be added to 
induce precipitation. In other words 
under these conditions the precipitation 
pH is appreciably raised, and in in- 
stances where the complex is either in- 
herently sufficiently stable or is stabilized 
by excessive quantities of the added 
anion, precipitation can be completely 
inhibited. 

Thus it has been demonstrated (1, 2) 
that not only can the precipitation of 
hydrous mercuric oxide be completely 
inhibited by added chloride, bromide, or 
iodide but also that the dry oxide can 
itself be dissolved in solutions of the 
potassium halides with the quantitative 
liberation of titratable potassium hydrox- 
ide. Similar phenomena are encountered 
with the corresponding cadmium ma- 
terials (3) although the lesser stabilities 
of the cadmium complexes necessitate 
the presence of excessively high quan- 
tities of the potassium halides to 
prevent the precipitation of the hydrous 
hydroxide. 

The effects of anionic complex forma- 
tion upon subsequent hydroxide precipi- 
tation can be readily followed by an 
electrometric titration technique which 
involves treatment of the salt solution in 
question with successive increments of 
standard alkali, the changes in pH being 


followed by means of a suitable glass, 
quinhydrone, or hydrogen electrode as- 
sembly. Displacement of the resultant 
titration curve toward higher pH values 
can then be taken as being indicative of 
complex formation, and the instability of 
the complex is shown not only by the 
magnitude of the pH displacement but 
by the similarity existing between the 
displaced curve and the normal curve for 
the uncomplexed cation. Procedures of 
this sort do not, however, give informa- 
tion as to the structures of any complexes 
which may arise. 

Thus when solutions of such strong 
electrolytes as lanthanum bromide and 
neodymium chloride are titrated with 
alkali in the presence of successively 
increasing quantities of alkali bromide 
and chloride respectively, the titration 
curves show no displacement from those 
obtained with the pure salts alone even 
at such high ratios of alkali halide to 
rare earth halide as one hundred twenty 
to one. These not unexpected results 
indicate the complete lack of coordination 
between the halide and rare earth ions 
by proving that the concentrations of the 
lanthanum and neodymium ions are un- 
affected by added halide. 

With the elements immediately follow- 
ing the transition elements in the 
periodic system, however, anionic com- 
plex formation is commonplace as is in- 
dicated by the poor conductivities of 
many of the salt solutions (particularly 
those of the soluble halides). Thus the 
inhibitions of oxide and hydroxide for- 
mation is mercuric and cadmium salt 
solutions containing added halides can be 
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ascribed to the formation of complex 
anions of the form [MX,]* in accordance 
with the coordination number of four 
usually exhibited by these elements. 

The method of electrometric titration 
could readily be extended to studies upon 
the effects upon hydroxide precipitation 
exerted by similar complexes of many of 
the elements in this general region of the 
periodic arrangement. Such an element 
is indium, halo complexes of which have 
been indicated by various other methods. 

Alkali titrations of indium salt solu- 
tions containing added alkali salts indi- 
cate displacements of the precipitation 
regions of the titration curves to higher 
and higher pH values in the series iodide 
to bromide to chloride to fluoride, the 
fluoride thus giving the most stable com- 
plex. The weakly coordinating nitrate 
ion has no effect when added, but the 
sulfate raises the precipitation region 
somewhat farther than does the chloride. 

That the resultant indium complexes 
are sufficiently unstable (except with the 
fluoride) to effect only slight reductions 
in indium ion concentration is apparent 
from the fact that only at halide to 
indium ratios of around one hundred to 
one do curve displacements become ap- 
preciable. Precipitation of hydrous 
indium hydroxide is completely inhibited 
by none of these anions, probably because 
of the instabilities of the complexes and 


of the fact that the precipitation pH of 
the hydroxide is so low at 3.41 (4) that 
an extremely large pH shift would be 
necessary. 

Inasmuch as the coordination number 
of indium in its compounds is generally 
six, anionic complex formation can be 
regarded as resulting according to the 
equilibrium 
[In (H:0)«]*** + 6X" = [InX.]* + 6H:0 
That the equilibrium constants for the 
reactions in question are small is attested 
by the excessively large amounts of X™ 
needed to bring about effective equili- 
brium displacements. 

The stabilities of halo anions in gen- 
eral are functions of both the cation and 
the anion. Thus the order of decreasing 
stability runs from iodide to fluoride with 
the members of the “B” families of Peri- 
odic Groups I and II but from the 
fluoride to the iodide in Groups III and 
IV. The smaller ionic radii of the mem- 
bers of the latter two groups apparently 
offset the tendency of the more covalent 
iodide to enter into such complex 
formation. 
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SUITABLE CURRICULA FOR HIGH SCHOOL CHEMISTRY 
SIsTER M. JOAN PREISING 


College of St. Francis, Joliet, Illinois 


Since hypothetical considerations on 
curricula for High School Chemistry 
have been discussed so frequently and so 
thoroughly, it mounts almost to the 
height of the ridiculous to break down 
and build up once more, with the hope 
of attaining anything like the ideal. 

High School Curricula as viewed in 
this paper cover the well known accepted 
line: First, General Chemistry; Second, 
College Entrance Equivalent; Third, Pop- 
ular Course; Fourth, General Science. 
These have their various advantages and 
disadvantages. 

Because of these apparent advantages 
and disadvantages a rapid summary will 
be sufficient to bring them to our atten- 
tion. First, General Chemistry is an en- 
cyclopedic description of practically the 
entire field. This is found successful 
with students who have carried two to 
three years of science or those who have 
the ability to do scientific thinking. On 
the other hand students who have had 
but one year of science or no previous 
training would perhaps lose all enthusi- 
asm or never develop an inclination to- 
wards chemical viewpoints. 

Second, the College Entrance Equivalent, 
is the course that should enable the stu- 
dent after entrance examination, to reg- 
ister in Analytical Chemistry or carry 
a condensed course in Géneral Chemistry. 
It is recognized in many colleges that 
this course is sufficient preparation for 
Analytical Chemistry. However, many 
college freshmen find the following dif- 
ficulties: (A) they are not as yet orien- 
tated into college; (B) they do not think 
with adult scientific minds; (C) the 
ebulition of High School Chemistry has 
ceased. 

Third, the Popular Course in Chemistry 
and fourth, the General Science Course 
should develop a scientific attitude of 
mind, and the ability to do critical think- 
ing, and should serve as vocational guid- 
ance courses for the scientifically minded. 

Estimating these courses from the 
teacher’s platform, his adequacy and in- 


adequacy of preparation comes to the 
fore. The following appears in the IIli- 
nois Bulletin No. 8, 1940, concerning prep- 
aration of teachers in Physical Sciences, 
effective in Illinois High Schools: In the 
field of Physical Sciences. sixteen hours 
are required, in the subject ten hours. 
Is this preparation adequate? Yes, if as 
a student, the teacher in question had 
developed the two concepts (critical 
thinking, and a scientific attitude of 
mind) and can stimulate a critical at- 
titude and an appreciation of science. Ad- 
versely many with stereotyped prepara- 
tion never get beyond a mechanical pre- 
sentation of the subject. 

The nucleus of this paper is to discuss 
the fact that the ideal course in High 
School Chemistry should be given pri- 
marily to incite stimulation. (This stimu- 
lating course would act as a sounding- 
board to test the student’s aptitude for 
Chemistry.) Also the General Inorganic 
Course taken in the college is practically 
indispensable for the Chemistry Major. 

The advantages of the above sugges- 
tions may be listed:—a) This would give 
all entrance students relative mental 
aptitudes—their orientation and tools 
with which to begin their major work 
would lie in the same plane; b) with this 
average requirement of knowledge, en- 
thusiasm would not suffer; c) presenta- 
tion of theory in High School Chemistry 
should be subservient to practical appli- 
cation. This inductive method, broadens 
instead of cramps the student’s ability to 
do creative thinking; d) an elaboration 
of theory if not accompanied by thorough 
understanding and sufficient practical ap- 
plication, stifles scientific interest and 
progress; e) an elaboration of theory 
accompanied by thorough understanding 
creates a superiority complex with regard 
to the student’s idea of his knowledge of 
Chemistry; this has a _ disintegrating 
effect which is practically irrevocable; f) 
it is almost impossible to introduce into 
High School a course that will be equiva- 
lent to a General Inorganic Course as 
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given in college; this means that the 
student with the General Inorganic 
Course that is supposed to be College 
equivalent, has inadequate background 
for major study in Chemistry. 

What would be the ideal course in 
High School Chemistry? These would no 
doubt amount to courses, and would dif- 
fer according to the type of high school. 
In an academy for girls where the ma- 
jority will be Home Economics majors or 
technicians the practical applications can 
be directed in those fields. In a boy’s 
high school industrial and special profes- 
sional fields may be considered, whereas 
in the co-ed high school, a varied course 
would be advisable, one having general 
application. Such a course would be one 
that would accompany the laboratory 
manual, “Test It Yourself” published by 
Scott Foresman. 

A great objection to the above sugges- 
tions is the well-worn fear that Chem- 
istry majors will be retarded if they are 
not able to step into courses in Analytical 
Chemistry as soon as entering college. 
There are other time saving devices 
which would not nip the scientific bud. 
Cannot the High School equip the student 
so well in fundamentals of rhetoric, his- 
tory, languages, that these can be elimin- 
ated in college by proficiency examina- 
tions? This would afford more hours: in 
the major field. 


May I be pardoned for referring to per- 
sonal observations and experiences? In 
the teaching of High School Chemistry 
for nine years, I have noticed that: a) 
much of the truly theoretical material is 
beyond the grasp of the majority, there- 
fore presentation is cramped; b) the time 
element being limited, presentation of ex- 
tensive theoretical or practical applica- 
tions must suffer in assimilation; c) 
whether they be potential Chemistry 
majors or not emphasis on the practical 
will leave all students with a fair under- 
standing of everyday Chemistry; d) for 
potential Chemistry majors, practical 
Chemistry gives them a background 
which broadens their concepts to the fact 
that theory without application is like a 
soul without a body, rather ghostly. 

Carrying this knowledge into the 
teaching of six years of Freshmen College 
Chemistry, the following points have 
come to my attention through observation 
and interviewing of students who have 
had Chemistry before entering college: 
a) decided superiority complex: b) 
waning of interest; c) class morale 
disintegration; d) fallacy in theoretical 
knowledge. 


As a closing question: If these sug- 
gestions made in this paper are valuable 
to our future Chemists, can we do any- 
thing about them? 
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THE ROLE OF THE CHEMISTRY TEACHER IN 
NATIONAL DEFENSE 


C. E. RONNEBERG 


Herzl City Junior College, Chicago, Illinois 


Fear has been expressed in certain 
quarters that a sense of frustration might 
develop in the minds of chemistry teach- 
ers because of their inability to take an 
active part in the war effort. Before 
Pearl Harbor, we were always speaking 
of our defense effort. Slowly, since 
December 7th, there has been a distinct 
change from a spirit of defense to a spirit 
of offense. We are hearing less and less 
of the necessity of purchasing defense 
stamps and bonds, and more and more 
of the privilege of purchasing war stamps 
and bonds to sustain our offensive effort. 
Slowly the nation is beginning to gain a 
better conception of the magnitude of the 
war effort and to realize that we have a 
home front as well as the battle front. 
In this home front the chemistry teacher 
can perform a very important role. 


We are beginning to realize that this is 
“total war”. In 1937 it seemed incredible 
to all of us that it was a crime in Ger- 
many to discard an empty toothpaste 
tube. But now we find that we cannot 
purchase a tube of toothpaste unless we 
turn in an empty tube. This typifies the 
meaning of total war. Successful prose- 
cution of the war requires correlation of 
effort between the home front and the 
battle front. One of the important func- 
tions of the home front is the battle of 
production—munitions, tanks, planes, 
ships, fuel, and hundreds of other items 
needed in quantities never dreamed of 
before. We have become the principal 
arsenal of all the United Nations. The 
enemy can be expected to do everything 
in its power to disorganize our home 
front. This is not the place to discuss 
the possibility or probability of assaults 
by air with incendiaries, high explosive 
bombs and gas in the interior of this na- 
tion. The attack on Pearl Harbor was 
not thought possible, but it did occur. 
Before January ist, no one would have 
thought it possible for Germany to sink 
one or two ships a day on our side of 


the Atlantic. But it has been done. Our 
army and navy authorities point out that 
a bombing of industrial centers in Illinois 
can be expected. The great circle route 
from Norway to Chicago is about the 
same distance as that from Germany to 
New York. However, the chances of de- 
tection of enemy bombers over this route 
would be very small because most of the 
route lies over uninhabited forest region 
in Canada. The objective of such a bomb- 
ing, of course, would be to demoralize 
the civilian population and to hamper 
production. Especially in densely popu- 
lated manufacturing areas, our govern- 
ment wishes that all citizens should have 
some instruction in the nature of high 
explosive and incendiary bombs, that they 
might know what to expect and what to 
do in case of bomb and gas attacks. A 
bombing with ten medium size bombers 
might start as many as 1500 fires in the 
congested area of a large city. The only 
way to combat this kind of an attack is 
with a trained citizenry. 

The training of citizens in proper 
blackout methods and the proper pro- 
cedure to follow in case of gas, fire and 
air attack involves problems in the selec- 
tion and training of personnel in which 
the chemist should play an important 
role. Chemistry teachers should prepare 
themselves now to take an active part in 
training gas, fire, and air defense per- 
sonnel, decontamination and gas detection 
squads. All teachers of chemistry should 
have the following handbooks put out by 
the U. S. Office of Civilian Defense: 
Training Courses for Civilian Protection, 
First Aid and Treatment of Chemical 
Casualties, Gas Defense, Handbook for 
Decontamination Squads. Another excel- 
lent handbook procurable from The 
British Library of Information in New 
York City, R. C. A. Bldg., is Basic Train- 
ing in Air Raid Precautions. 

There is a second important way in 
which the teacher of chemistry can help 
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increase the effectiveness of the home 
front. Our war effort is on such a tre- 
mendous scale that there is an actual 
shortage of many essential materials. 
For example, our average annual produc- 
tion of aluminum for the five years pre- 
ceding 1939 was 256,000,000 pounds. Cur- 
rent production is at the rate of 700,- 
000,000 pounds annually, and the supply 
is not equal to the demand. Hence, the 
absolute necessity to salvage every piece 
of scrap aluminum in the country to get 
it back into use. Aluminum is but one 
example of many materials of which 
there is an actual shortage. Recently 
the WPB published a report on the war 
status of many materials. In Group I 
are materials where the present supply is 
not equal to the demand. Citizens will 
have to do without consumer goods made 
of these materials or use available sub- 
stitutes. 


GROUP _I.— “CRITICALLY ESSENTIAL 
FOR PROSECUTION OF WAR” 


Metals 

Alloy steels 

Iron alloys 

Wrought iron 
Aluminum 
Aluminum scrap 
Cadmium 
Calcium-silicon 
Chromium 
Cobalt 
Copper 
Copper scrap 
Iridium 
igea : 

agnesium 
Nickel 
Tin 
Tin sete and tern plate 
Tungsten 
Tunssten high speed tools 
Vanadium 


Chemicals 
Alcohol, methyl 
Chlorinated ‘hydrocarbon 
refrigerent 
Chlorinated hydrocarbon 
solvents 
Chlorine 
Diphenylamine 
Formaldehyde 
Paraformaldehyde 
Hexamethelenetetramine 
Synthetic resins therefrom 
Phenols 
Polyvinyl chloride 
Sodium nitrate pure 
Toluene 


Miscellaneous 
Agar 
py fibre 
Burlap and burlap products 
Cashew nut shell oil 
Corundum 
Cotton linters 
sraphite—Madagascar 
Hempseed 
jane bearings 


Manilla fiber and cordage 
Pig and hog bristles 


Rubber, crude and latex 
Chlorinated 
Synthetic 

Shearlings 

Silk 


STlk waste 
Silk noils 

Garnetted 
Rostenal silk fibre 
Sperm oil 
Tin cans 
Titanium pigments 
Tung oil 

The chemistry teacher, through his 
teaching and professional contacts can 
help acquaint the general public with 
this shortage of many critically needed 
materials and emphasize that it is the 
patriotic duty of each one to do without 
consumer goods made from these ma- 
terials, that they may be available for 
those of our nation who are at the front. 

Again, the chemistry teacher can help 
to get his community “scrap and waste 
material minded.” In every community 
there should be voluntary organizations 
to continually stress the necessity of sav- 
ing scrap and waste materials to get 
them back into use. The steel industry 
which is at an all time “production high” 
is actually being handicapped because of 
the difficulty of getting sufficient steel 
scrap. Chemistry teachers do not need to 
be reminded that the charge of an open 
hearth furnace consists of steel scrap and 
iron as well as molten pig iron. Almost 
every freight train which we now see 
contains gondola cars filled with iron 
scrap bound for the steel mills. But there 
are not enough of them. A short journey 
through the country will reveal many 
carloads of scrap iron and steel, which 
not only detract from the beauty of the 
countryside, but which are rusting away. 
There should be an effective voluntary 
organization in each community to push 
the cause of—‘Save your scrap to beat 
the Jap.” 

Because of their knowledge of the prop- 
erties and uses of these vitally needed 
materials, teachers of chemistry are in a 
position to emphasize the necessity for 
saving all scrap and waste materials 
that can be reused. This includes: 

1. All metal scrap, from an old baby 
carriage to a tooth paste tube. 

2. All waste paper—newspapers, maga- 
zines and paper cartons. 

3. All scrap rubber from an old cas- 
ing to discarded garden hose. 

4. All fats and edible greases from the 
kitchen. 
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We have become a prodigal nation. Of 
our annual production of paper in excess 
of 10,000,000 tons, only 22% went to uses 
where it was permanently taken out of 
use and only 28% was recovered. The 
remainder, or 50% was destroyed mostly 
by burning. Our grandmothers carefully 
saved all fat renderings from the kitchen 
for re-use, but now most housewives dis- 
card them or burn them with the gar- 
bage. If a million housewives in the State 
of Illinois alone would save a half pound 
of fat a week, it would be enough to pro- 
duce 57,000 pounds of glycerol, not an 
inappreciable sum. Large hotels and 
restaurants have always saved their fats. 
We should do the same to help the family 
purse and to get added glycerine and fats 
for the war effort. The OCD has tried 
to set up machinery reaching into every 
community for this purpose, but whether 
or not the plant functions depends upon 
those who have the grease and fats to 
conserve. 

I am sure that the large number of 
people who are not turning in scrap and 
waste material do not wish to be un- 
patriotic. Their apparent apathy is due 
to lack of knowledge. The OCD has an 
enormous task in setting up voluntary or- 
ganizations in all communities to carry 
the message of civilian defense and the 
saving of scrap. The chemistry teacher 
should be functioning in this job. 

The question may be asked, “How is 
the chemist to find his place?” In the 
first place, he should inform himself of 
the nature of the many tasks confronting 
the OCD; then he should volunteer his 
services in his own community. There 
is no reason why he should not assume 
a position of leadership in this work. 
Many chemistry teachers are doing that 
very thing. The writer for example, re- 
cently gave a demonstration lecture to 
600 fire wardens on magnesium fire 
bombs with a discussion of the proper 
method of fighting them. 

The chemistry teacher has another very 
important function to perform in this 
conflict. This is a war of machines, and 
men and women trained to operate those 
machines form largely a specialized per- 
sonnel. Under the impact of war, college 
and university enrollments have de- 
creased. No one knows how long this 








war will continue nor at what level col- 
lege and university enrollments. will 
again stabilize. In England and Canada 
enrollments have stabilized at about 50% 
of pre-war enrollments. No one knows 
if this will be true in this country. But 
our government and our military leaders 
appreciate the necessity of continuing the 
training of young men and women along 
lines necessary for the war effort. The 
newly announced V-1 program of the 
U. S. Navy provides for training up to 
80,000 qualified young men with at least 
two years of college work. The newly 
announced plan for the U. S. Army En- 
listed Reserve envisions a pool of college 
students large enough to supply 50,000 
young people annually for the next four 
years for the officer training schools of 
the U. S. Army Air Corps. Those ac- 
cepted for the ariny reserve will be 
allowed to finish their college courses. 
Then, too, women will have to be trained 
to fill many technical positions usually 
filled by men. In this vast training pro- 
gram, the chemistry teacher will play a 
very important part. He should encour- 
age young men with aptitudes in mathe- 
matics, science, medicine, and engineer- 
ing to get the viewpoint that it is 
patriotic to get as much training as pos- 
sible. We can prepare for the war of 
two or three years hence now. While col- 
lege enrollments will probably continue 
to decrease for some time, it is very 
probable that additional burdens will fall 
on mathematics and science departments. 
This may call for greater attention to 
duty and more working hours. In many 
eases this enhanced program will call 
for more effective use of physical plants. 
It certainly will call for a critical evalua- 
tion of course content in order to save 
time. All these chemistry teachers are 
ready to do to assist in training the in- 
creased quota of physicians, chemists, 
physicists, engineers, laboratory techni- 
cians, supervisors, and inspectors needed 
for war industries and the armed services. 
To paraphrase the words of a well-known 
news commentator at the close of each 
of his broadcasts— 


“Chemists are proud to assume the re- 
sponsibility of helping this nation to 
make an effective home front to make 
possible the successful conclusion of the 
war by those on the battle fronts.” 
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PAPERS IN GEOGRAPHY 


FROM THE REpoRT OF THE SECTION CHAIRMAN 


The Geography program carried 10 papers. Seven of these are herewith 
published, and, in addition, one from the previous meeting, submitted too late 
for publication in volume 34, namely that by H. 0. Lathrop, but accepted by the 
Committee on Publications. Those given at the Urbana meeting but not pub- 
lished are as follows: 


Brown, CLARENCE L., University of Chicago, Chicago, Illinois, Regional 
reality from the concept of space-time. 


FRYXELL, F. M., Augustana College, Rock Island, Illinois, Burias, a little- 
known island of the Philippines. 


WeELLs, Gzorce R., Senior High School, Decatur, Illinois, The relations of 
geographic factors to some diseases. 


Thirty attended the meeting and elected as chairman of the Jacksonville 
meeting May 7-8, 1943, L. A. Holmes, State Normal University, Normal, Illinois. 
(Signed) JosErH Van Riper, Chairman 
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SAXICULTURAL DISTRICT OF THE SUDBURY AREA’ 


THOMAS F. Barton 


Southern Illinois State Normal University, Carbondale, Illinois 


The most important cultural features 
of the Sudbury Area are those associated 
with the mining industry. Mines, smel- 
ters, and mining towns leave an indelible 
impression with the traveler. Tall smoke 
stacks with clouds of smoke and fumes; 
long freight trains of ore or glowing slag; 
huge blocky shaftheads near deep open 
pits; and large smelting and refining 
plants with their associated mining towns 
are dominant cultural scenes. Miners in 
their characteristic dress, increased traffic 
after the shift whistle blows, old dil- 
apidated cars, unpainted unattractive 
houses on small lots along unpaved 
streets, these are the scenes which char- 
acterize this mining landscape and sets it 
distinctly apart from the others. 

The mining industry does not occupy 
a large compact continuous area; rather, 
it consists of islands of concentrated de- 
velopment linked together by communica- 
tion and transportation lines. This rough 
network of mining development is sur- 
rounded and enclosed on all sides by 
woods.” 

The focal center of the mining devel- 
opment is Sudbury. Secondary railroads 
and highways connect the mining and 
smelting towns with Sudbury, the trans- 
portation and commercial “capital” of the 
area. Five miles west of Sudbury is Cop- 
per Cliff with its smelter and refinery. 
Eight miles east of Sudbury at Coniston 
is another smelter. Eleven miles to the 
northeast is the town and mine of Gar- 
son and four miles farther on is the mine 
and smelter at Falconbridge. Directly 
north is the Frood mine; and town; still 
farther north is the Stobie mine; north- 
west is the Levack mine and town and 
southwest is the Creighton mine and 
town. 


Consequently, within a radius of 
twenty-two miles of Sudbury are found 
the six active mines, three active smelters 
and a refinery. These mines and smelters 
produce over four-fifths of the world’s 
nickel, a large quantity of copper (Fig. 
1). In addition to the six active mines, 
there are within this same area thirty- 
eight abandoned or inactive ones. (Fig. 
2.) 

This localization of mines is related to 
the ore bodies which outcrop in ‘an oval 
shaped belt surrounding a_ structural 
basin. This is responsible for the pat- 
tern of active and non-producing mines. 
The only exception to the oval pattern 
are the mines located along mineralized 
dikes which appear as off shoots from 
the ore belt and the old lead-silver mine 
in the basin. 

The greatest concentration of mines is 
in the south central part of the ore belt 
near Sudbury. Thirty-five mines are lo- 
cated here within an area thirty-six miles 
long and six miles wide. Two factors 
which aided in this mining concentration 
are: (1) this part of the area had the 
earliest and best transportation facilities 
and (2) smelters having been established 
in the southern part, it proved more 
efficient to use ores that were close at 
hand and needed only to be shipped a 
short distance. 

Types of Mines.—Shaft and open pit 
are the two types found in the area. 
These may be further subdivided into 
classes according to their present devel- 
opment such as active, and non-produc- 
ing. (Fig. 2.) 

At the present time only six mines pro- 
duce all of the nickel. Two of the shaft 
mines have associated open pits, while 
at the Stobie all ore is removed by the 


1¥For practical purposes at present the writer uses the term “The Sudbury Area” when 
writing of that portion of Ontaria included on the Sudbury Topographical Sheet which is 


published by the Department of Interior. 


The area is forty-eight miles long from east to 


west; thirty-four miles wide, and is named after its largest city Sudbury. 

Information in this paper is based upon six weeks field work in the summer of 1939 and 
library research. The first article on the Sudbury Area, Ontario entitled “Agricultural Land- 
scapes of the Sudbury Area, Ontario” appears in the-Transactions of the Illinois Academy of 


Science, Volume 34, pp. 130-137. 


?Refer to Figure 1 in article entitled “Agricultural Landscapes of the Sudbury Area, 
Ontario,” Transaction of the Illinois Academy of Science, Volume 34, p. 131. r 
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SAXICULTURAL FEATURES 


SUDBURY AREA, ONTARIO 
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Fig. 1. 


open pit method. The fact that thirty 

of the forty-three mines have open pits 

indicates that a high percentage went 
through the open pit stage. 

The small number of active mines is 
not because of a paucity of ore or to the 
limited extent of the ore body. There 
are many mines that contain ore rich 
enough and pure enough to be mined but 
in peace time the world demand for 
nickel is limited. Consequently, only 
those mines are active where the ore is 
richest; where it can be most cheaply 
mined; where the least amount of unde- 
sirable impurities is found; where haul- 
ing costs to the smelter are low and 
where the desired ores for mixing may 
be obtained. 

Stages of Development. — Six stages 
which may be recognized in the develop- 
ment of this mining industry are (Fig. 3). 

1. Prospecting and Boom Period 1883- 

1905; during this period most of the 

mines were located and established. 

. Consolidation Period 1905-1920. This 
period was characterized by con- 

solidation of small holdings until the 

International Nickel Company gained 

control of all the mines. 

3. The Depression Period 1921-1922 fol- 
lowed the close of the First World 
War. 

4. The peace time Production Period of 
1923-1930. 


bo 


. The Depression Period of 1930-1933. 

. Second World War Boom Period 
which began in 1934 with an in- 
creased production of armaments 
throughout the world. 

Vigor of the District—When the entire 
mining district is considered, many fac- 
tors indicate that the nickel industry will 
be permanent for at least the next fifty 
years. Some of the leading indications 
are (1) a steady increase in production, 
except for the short depression periods 
of 1921-1922 and 1930-1933; (2) the dis- 
covery and development of new mines; 
(3) a continued expansion of the railroad 
net; (4) a steady increase in the amount 
of hydro-electric power being used, and 
the enlargement of the power system, 
(5) the growth of such towns as Sud- 
bury, Copper Cliff, Coniston, and others 
whose development is dependent upon the 
mining industry, and (6) the recent con- 
struction of larger and more substantial 
buildings as connected with the extrac- 
tion of the ore and its treatment. 

The vitality of the saxicultural district 
is expressed by the prosperous conditions 
of the cultural forms, such as new and 
well-constructed shaft-heads, processing 
plants, transmission linés and dams each 
of which has been built to last for 
decades to come. 

The district has reserves of nickel ores 
larger than those found in any other 
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place in the world. In 
New Caledonia, the 
district’s chief com- 
petitor, four hundred 


TYPES OF MINES 


SUDBURY AREA, ONTARIO 





thousand tons of ore 
is considered to be a 
large reserve for a 
mine. In comparison 
it is estimated upon 
data obtained by dia- 
mond drilling that the 
Frood mine of the 
Sudbury district has a 
reserve of over one 
hundred and twenty 
million tons. 46° 30) 

Present Develop- 
ment. — In 1939 the 
Sudbury Area _pro- 


duced 102,559 tons of s& 


nickel or  approxi- 
mately 83 per cent of 
the world’s total. The 
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Fig. 2. 


ing the same year. Although the Sud- 
bury mines are now being expanded, pro- 
duction of nickel in the Surbury Area is 
limited by smelter facilities. Formerly 
inactive, the Stobie, an open pit mine, 
began operation in 1939 in order to meet 
wartime demands. Although production 
facilities are now being increased, the 
production of nickel is insufficient to meet 
present demands. 

Summary.—The pulsating heart of the 
Sudbury Area is located in the active 
mines and in the plants connected with 
the treatment of ore. These give employ- 
ment to the miners who occupy the towns 
and cities. The roads and railroads are 
built to connect the mines, smelters, 
cities and the agricultural areas which 
help feed them. Thus the quality and 
quantity of the ore together with the type 
and distributions of the ore body have 
been the dominating factors in producing 
the type and amount of cultural forms in 
the Sudbury Area. 
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THE BLACK SEA AND ITS BORDERLANDS 


W. O. BLANCHARD 


University of Illinois, Urbana 


Of the major coastal waters that fringe 
the Mediterranean Basin the Black Sea 
is perhaps the least well-known. For the 
most part this is due to the factor of 
location. It is too far off the main 
through-water route — Gibralter to Suez. 
Odessa is 1,000 miles north from this 
route. After all, the Black Sea is com- 
mercially a “blind alley”. The ships that 
use it are mostly tramp steamers carry- 
ing out grain, oil, lumber and manganese, 
not the trim passenger liners usually asso- 
ciated with the “Mediterranean Cruises”. 

The Sea is really a sizeable sheet of 
water, a little smaller than the Caspian, 
about the same size as the Baltic, over 
1% times the area of all of our Great 
Lakes combined. Into it debouch several 
of the largest rivers of central and east- 
ern Europe so that it is the catch-basin 
for about one-fourth of the whole conti- 
nent. Since it is almost isolated from 
the ocean, tides have little effect and 
the rivers empty through vast swampy 
deltas. Many of the more important 
ports are, as a consequence, located either 
on the stream above the delta or on the 
coast some distance from the delta 
mouths. Rostov on the Don is an exam- 
ple of the first; Odessa, between the 
Dnestr and Dnepr, illustrates the second. 

Some of the most interesting character- 
istics of the Basin are explained by its 
geologic history. Unlike the shallow 
North, Baltic and White Seas, formed by 
the gradual encroachment of ocean waters 
onto adjacent lowlands, the Black Sea, 
like the Mediterranean and Caspian, was 
formed by faulting and the foundering 
of large blocks of the earth’s crust. Fea- 
tures likely to be found as a consequence 
of this type of origin are: (1) Great 
depths. Extensive areas of the Black Sea 
bottom are over 6,000 feet deep. (2) 
High coasts. In the Black Sea littoral 
only for two short stretches do extensive 
plains meet the water. These are at the 
Gulf of Odessa and the Sea of Azov. (3) 
Regular coast lines. The Black Sea has 
very few islands and good natural har- 
bors are lacking. Breakwaters must be 


built and much of the loading and un- 
loading of steamers is done by lighters. 

Finally, an “accident” in geologic his- 
tory seems to be responsible for the 
peculiar condition of the deeper waters. 
These lower levels of the Black Sea are 
charged with hydrogen sulphide and there 
is there an absence of the higher forms of 
organic life. During the Glacial Period 
much sea water was withdrawn to form 
the great ice sheets, the sea level was 
lowered and the Black Sea became an 
inland fresh water lake whose outlet was 
through what is now the _ Bosporus- 
Dardanelles gap. With the return of 
warmer temperatures, the ice melted and 
the sea level rose so that salt water 
poured from the ocean into the Black Sea. 
This destroyed the fresh water fauna 
which had developed there and although 
that was thousands of years ago the 
lower stagnant waters remain poisoned 
by the decompositions products and fish 
are absent. The surface waters, however, 
are well populated and in some parts of 
the coast, eg. the Danube delta, fishing 
is an important item of the domestic 
economy. 

Climatically the Euxine, by which name 
the Black Sea was known to the Greeks, 
is in marked contrast with the Mediter- 
ranean. Entering by way of the Bos 
porus one feels that the name given by 
the Turks—“Black Sea” is very appro- 
priate. You leave behind the blue waters, 
the clear air and bright skies for dark 
stormy waters, overcast heavens and 
dense fogs. Except along the southeast 
littoral, the borderlands receive rather 
light rain and their native vegetation is 
grass or steppe. Temperature ranges are 
greater than in the Mediterranean. The 
January isotherm of 32°F.—the same 
which passes through St. Louis—crosses 
a little to the south of the main Russian 
coast so that all of the rivers from the 
Danube to the Don, as well as the har- 
bors, are ice bound part of the year. 
Odessa averages two or three weeks of 
ice; the Kerch Strait at the outlet of the 
Sea of Azov is closed for twice that 
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period. In this rather dark climatic set- 
ting there are two “bright” spots. In and 
about Batum, and on the southern tip 
of the Crimean peninsula, are outliers of 
the Mediterranean climate. Of the two 
the latter is far more interesting. 


Jutting far out from the mainland the 
commanding position of Crimea has long 
made it a bone of contention among rival 
commercial powers. Indeed, to the aver- 
age American, the peninsula is syno- 
nomous with the Crimean War, the 
“Charge of the Light Brigade” and the 
pioneering work of Florence Nightingale 
The incidents of the Peninsular War are 
now commemorated by a multitude of 
memorials and cemeteries near Sevastopol, 
the great Soviet naval base. However, 
Crimea has played a double role—that 
of a playground as well as a battle- 
ground. Russian travel literature refers 
to it as the “little paradise” and the 
“Russian Riviera”. For most of the 
peninsula these titles are decidedly inap- 
propriate. If one approaches from the 
mainland, for example, Crimea appears 
to be but a continuation of the dry, 
monotonous steppe of adjacent Russia. 
However, the Yaila Mountains an out- 
liner of the Caucasus, parallel the south- 
eastern coast and serve as a wind-break. 
Wedged in between these ranges and the 
sea is a climatic oasis—a land of moun- 
tains, sea, and flowers. To the north of 
these protecting ridges lies the windswept 
steppe, parched by drought in summer, 
and blanketed by cold and snow in 
winter. On the south, although in the 
latitude of Minneapolis, are found the 
mulberry, fig, olive and vine. Ice here is 
rare. The January mean is 20° warmer 
and the rainfall four to five inches greater 
than on the steppe. Little wonder that 
for cold Russia it should be regarded as 
a “paradise” and a popular resort for 
Czarish wealth and fashion. Today the 
royal residences, palaces and luxurious 
hotels have been transformed into rest 
houses for Russian workers. 

The most interesting of the Black Sea 
features is the slender bottleneck out- 
let—the Dardanelles-Marmara- Bosporus 
waterway. The opening totals 52 miles 
in length and in form suggests a north- 
south winding corridor with a vestibule 


in the middle. It narrows to one-half 
mile in the Bosphorus; the coasts are 
rugged and there are numerous islands. 
A strong outward surface current flows 
to the Aegean, averaging about three 
miles per hour, but at times having twice 
that rate in the narrows. This is too 
swift to row against and in the days of 
sailing vessels, if combined with a 
strong north wind, ships might be held 
up in the Straits for a week at a time. 
A submarine current of heavy salty water 
flows toward the Black Sea. At Istanbul 
this return movement is at a depth of 
60 feet and moves about four-fifths miles 
per hour. In configuration the Bosporus 
is a strait, in flow, a river and in depth, 
a sea. 

Few important waterways are so easily 
defended for it allows control of all ship 
ping by a nation without a single ship. 
Even the current can be used for floating 
mines among attacking vessels seeking to 
enter from the Aegean as was well-shown 
in the disastrous attempt of the British 
in World War I. Naturally this was a 
perfect stronghold for pirates and ene 
of the world’s strongest bands of sea raid- 
ers infested the Straits in the 16th cen- 
tury. The strategic and commercial 
significance of the Straits all through 
history is evidenced by the rows of ruins 
of cities and forts which line the shores 
on either side. Except for a brief period 
of internationalization, 1920-1936, Turkey 
has ruled the waterway for the past 500 
years. 

The Straits provide a water gateway 
for the Black Sea though in so doing 
they necessarily interrupt the land route 
from Europe to Asia. The intersection of 
these two provides a situation for a great 
commercial center. The drowning of a 
tributary of the Bosporus—the Golden 
Horn—provides the local site—a harbor 
protected from the currents of the main 
waterway. Given this magnificent set- 
ting, Constantinople for centuries during 
the Middle Ages was the world’s leading 
city, but the blight of Turkish control has 
never allowed the full utilization of the 
opportunities offered even though few 
cities have equalled it in dramatic in- 
terest. In a recent typical year only five 
percent of the shipping through the 
Dardanelles was Turkish. 
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SOILS AND POPULATION—DECATUR COUNTY, 


GEORGIA 


ALFRED W. Bootn’ 


University of Illinois, Urbana, Illinois 


In Decatur County most rural dwelling 
abandonment has resulted either from the 
eviction of share croppers where land 
owners are shifting from intensive to ex- 
tensive agriculture in order to make 
more efficient use of soil, or from actual 
land abandonment where soil erosion and 
decreasing soil fertility have made such 
a step almost mandatory. To a certain 
extent the amount of house abandonment’ 
may be considered to be an indication of 
the amount of change which has been 
necessary in order to reach an adjust- 
ment between the carrying capacity of 
soils’ and farm population. 

The amount of and reason for abandon- 
ment differs in each one of the five soils 
regions into which the Southwestern 
Georgia county has been divided. 

Region I. This, the most homogenous 
of all the soils regions, is covered almost 


entirely by one soils type, the sterile Nor- 
folk sand. The low productivity of Nor- 
folk sand has long been recognized. 
Hence a fair compromise has long ago 
been effected between carrying capacity 
and population and the percentage of 
vacant houses is low (Table I). How- 
ever, this last statement applies only to 
the two larger subdivisions, Ia and Ib. 
On subdivision Ic a land use system sim- 
ilar to the more favored adjoining Region 
V was imposed. This system has proved 
so successful that now one out of every 
nine dwellings has been abandoned. 
Region II. In addition to Norfolk 
loamy sand, a soil somewhat better than 
Norfolk sand, this region contains large 
patches of Norfolk sandy loam and Tifton 
sandy loam, both of which are highly de- 
sirable coastal plains soils types. Popu- 
lation density as measured by occupied 


TABLE I 


Decatur County... . 
7 - Rural 


Soils Rea‘ons 
I. Norfolk Sand_. 
| 
Siac. 
Cc 


Il. me Loamy Sand 


B 
C 


III. Terrace Soils. 
IV. Escarpment Soils. 
V. Altamaha Upland Soils__- 











Total Per cent Occupied 
au. number total dwellings 
dwellings vacant | dwellings density | 
J | dwellings | vacant | (per sq. mi.) 
5628 | 325 | 5.7 9.2 
2465 | 161 | 6.5 3.76 
aoe 
1107 60 | 5.4 4.11 
474 21 | 4.6 3.25 
568 30 | 5.3 5.16 
65 9 | 13.8 5.05 
215 | 16 | 7.4 4.45 
106 | 7 | 6.6 4.81 
40 | 3 | 7.5 3.59 
73 | 6 | 8.2 4.86 
| 
130 | 23 | 17.7 1.27 
| | 
53 | 6 | 11.3 | 1.22 
960 56 | 5.8 | 4.81 


1Field work made possible by a grant from the Graduate Research Board of the Uni- 


versity of Illinois. 


*Unoccupied dwellings ng the Georgia State Highway Commission map of Decatur 


County, and field reconnaisanc 


* Soils ratings established with the help of: 
“Soil Survey of Decatur County, Georgia.” U.S.D.A. Bureau 


Hasty, A. H., et al. 


of Chem istry and Soils, Soil Survey Series 1933, No. 24, 1939. 


Mereness, E. H. 
Ala. Agr. E. 
Henderson, J. 


. Sta., Bull. 


“Farm ptartgege Loan Experiences in Southeastern Alabama.” 


42, 
“The Soils of Florida.” U. of Fla. Ag. Exp. Sta., Bull. 334. 
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dwellings is greater here than in Region 
I, a direct result of the greater produc- 
tivity of its soils. However, the percent- 
age of abandonment is also greater here 
than in either Region I or the county as 
a whole. Most of this can be explained 
in terms of a shifting farm economy, al- 
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though decreasing soil fertility is also a 
factor. 

Region III. A number of soils series, 
the Kalmia, Cahaba, Leaf, and Flint, are 
represented on the terraces along the 
Flint River. Also included within this 
soil region are contiguous areas of Blan- 
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ton soils and the swamp lands of the 
first bottoms. Flint fine, sandy loam is 
by far the most extensive soils type. 
Most of the soils of the terrace have a 
profile in which sandy surface soils over- 
lie a layer of sticky clay. Unsuited to 
cotton or peanut production, these soils 
have been taken out of cultivation very 
rapidly in the last decade. Locally they 
are called “cowhide lands” since they are 
excellent pasture soils. The percentage 
of abandoned dwellings in this region is 
higher than any other soils region in the 
county as a result of the shift from in- 
tensive cropping to extensive grazing 
which is taking place. 

Region IV. Though largely in Guin 
soils, small areas of other soils abound. 
A broken and dissected area, it has never 



















1. 


been extensively cultivated. Cleared 
lands are being eroded seriously as a re- 
sult of sheet wash and gully formation. 
As might be expected, abandoned dwel- 
lings form a high percentage of the total 
dwellings in this region. 

Region V. A great variety of soils 
types are represented here. Norfolk and 
Tifton soils are found on the flatter up 
lands, such red podzolic soils series as 
the Greenville, Magnolia, and Faceville 
on the upper slopes, soils of the Blanton, 
Cuthbert, Plummer, and Susquehanna on 
the lower slopes, and swamp soils in the 
river bottoms. The red podzolic soils are 
the premium soils of the region as well 
as the county, although such soils as 
Norfolk sandy loam and Tifton sandy 
loam do not rank far behind them. The 
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concentration of population on these up- 
land soils can be noted in Figure 2. In- 
tensive cultivation, particularly of shade- 
grown tobacco, has given this region a 
rather stable economy which its soils 
apparently are able to support. Many of 
the abandoned dwellings found here (Fig. 





1) should be associated with the declin- 
ing economy of the adjacent Norfolk sand 
area Ic and the Escarpment, rather than 
with the more or less stable economy of 
this region. Thus the actual amount of 
abandonment is negligible. 
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THE COLONIAL QUESTION 


FLEMIN Cox 


Southern Illinois Normal University, Carbondale, Illinois 


The colonial question has been pushed 
into the background for the present, but 
it was a question of great significance at 
the close of the last war, and will again 
demand the most careful consideration of 
statesmen when the present war is over. 


If the Axis powers should win, there 
would be no use to discuss the colonial 
question. We know that their desire is 
to reduce the whole world to slavery. 
We shall then discuss the question with 
the assumption that the United Nations 
will win. In the first place, some would 
question the right of any nation to have 
political dominion over other people and 
other lands. The principle of “Self- 
Determination” advocated in the speeches 
of Woodrow Wilson aroused desire and 
expectation among people of many lands, 
and living under various forms of 
political domination. Some are inclined 
to say let all the different peoples govern 
themselves. All liberal thinkers will 
agree that each people fit to govern them- 
selves should be allowed to do so. Many 
will go farther and state that even “a 
second-rate government under native con- 
trol is better than a first rate government 
under foreign control.” There still re- 
main, however, many places in the world 
where even second-rate control may not 
be realized. Some islands and patches of 
land in other places are too small for 
responsible governments. Some _ people 
are too ignorant or too low in the scale 
of human development to govern them- 
selves. If left to themselves, they might 
on the one hand, be subjected to cruel 
and inhuman treatment by native rulers, 
and in the second place they would prob- 
ably impinge upon the more orderly por- 
tions of the world in such a way as to 
bring injury to the outside world. An 
example of such was the uncontrolled 
slave raids formerly made by Arabs of 
Northern Africa upon the negroes of the 
Sudan, Another, was the piracy prac- 
ticed, for a time, by the Barbary States 
against the nations of Western Europe 
and even the United States. Another ex- 


ample is the exportation of opium by 
Iran. As the world communications be- 


1 Bowman, Isaiah—The New World, pp. 109-110. 


come more closely knit, the spread of 
contagious diseases from low grade people, 
with no knowledge of sanitation, must be 
controlled. It is safe to conclude there- 
fore that there still must be colonial 
government. 

Germany and Italy have demanded 
colonies as outlets for their excess 
populations. In the first place, people 
from temperate lands do not wish to 
colonize tropical lands, but seek out new 
homes in independent countries in 
temperate lands. In the second place the 
rulers of Italy and Germany are not 
sincere, because they heap praise and 
even prizes upon mothers who bring 
forth large families. 

From an economic standpoint colonies 
do not pay. Libya costs the poverty 
stricken people of Italy four times as 
much as is received from it. Other 
colonial powers show deficits also. Even 
if an annual expense and receipt account 
shows that the expense is not larger, the 
long time expense of conquest, develop- 
ment and control makes the colony an 
expense upon the people of the governing 
power. 

Another reason for the desire for 
colonies is the prestige value. This of 
course is foolish and of no value and 
cannot be defended. It is, nevertheless, 
probably the most impelling reason be- 
hind the desire of Mussolini, Hitler, and 
of the Japanese. Against this foolish 
childish impulse we are today at war. 

The statement that colonies almost 
always do not .return to the governing 
country as much as they cost is almost 
universally true, This does not neces- 
sarily imply that no one may receive 
benefit from the colony. In fact, in 
almost every colony some favored indi- 
vidual may receive a liberal profit. Here 
again, the British may serve as an ex- 
ample. In spite of being a democratic 
country, the government is controlled 
very largely by the aristocratic class and 
the wealthy element. The younger sons 
of the aristocratic class need well paying 
jobs that are not beneath their dignity. 
Appointment to administrative positions 
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with good salaries and other advantages 
often solves the problem of what to do 
with the younger sons. More important 
advantages may be secured by wealthy 
men and great corporations, who may re- 
ceive valuable concessions to develop 
mineral deposits or other natural re- 
sources of the colony, at little cost to 
themselves, because of their preponderat- 
ing influence with the government of the 
ruling power. In fact some members of 
the government may also be members of 
the corporation receiving the concession. 
In this case some few people may receive 
great profit at the expense not only of 
colony, but at the expense of the more 
numerous poorer people of their own 
country. This is one of the chief roots 
of imperialism, and statesmen of the 
future should see that special favor for 
privileged groups should have no place in 
the governments of free people. 

The League of Nations, in spite of its 
faults and other weaknesses, advanced 
the idea upon which future colonial gov- 
ernment must be based, if the idealism 
advanced as the program of the United 
Nations prevails. This is that the para- 
mount purpose of colonial government is 
the welfare and well being of the colonial 
people. The Mandate System set up by 
the League of Nations, although admin- 
istered imperfectly, called not only for 
government for the benefit of the people, 
but also called for an accounting, at 
stated intervals, by the governing coun- 
try, to the League of Nations. These ad- 
vanced ideas, should not be allowed to 
perish. They are the fruits of the highest 
development of the colonial system. This 
system, under the Romans, was little re- 
moved from slavery, in the early develop 
ment of the colonial empires of Western 
Europe, the colony existed solely to be 
exploited by the governing country, and 
only slowly did the idea develop in the 
world that the welfare of the people of 
the colony should have first considera- 
tion. Kipling’s “White Man’s Burden” 
idea has long been considered a hypo- 
critical excuse for British imperialism, 
but at long last, after Kipling’s time has 
the new idea received the best considera- 
tion in the British colonies. After the 
British come the French who also have 
been working to a certain extent for the 
benefit of the natives. 


_ One of the demands of the Axis powers, 
before the start of the present war, was 


for colonies. They made much of the 
“Have nots” and the “Haves” and while 
we now know, they were only using this as 
a plausible excuse for their desire to 
dominate other lands, they led many to 
believe that there was some justification 
for their demands, Let us examine the 
reasons put forward in the demands or 
desires for colonies. To understand these 
demands, the location of the colonial ter- 
ritories should be indicated. They are all 
in the hot belt of the world. The group 
of greatest importance from the stand- 
point of area and population are inter- 
tropical Africa, Second, the islands and 
peninsulas of southeastern Asia, Third, 
the West Indies and the Guianas, Fourth, 
the desert and semi-arid lands of north- 
ern Africa and western Asia. The de- 
velopment of the colonial system of today 
came from an economic impulse, from a 
world whose great powers were strong 
nationalistic states. 

An important reason given for having 
colonies is the need for food and raw 
materials for industry, together with a 
market for manufactured articles. In 
order to help the metropolitan country, 
custom dues and other measures of pref- 
erence must be established in its favor, 
both in buying and in selling. This has 
been done by some of the colonizing 
powers, least of all by the British who 
have been most successful. The curtail- 
ment of trade thus brought about by 
tariff preferment does not help, but 
hinders the well being of the colony. 
There has been in recent years a surplus, 
not a deficiency, in colonial products. 
There were products for all who had the 
money or the goods with which to buy. 
It does not require political dominion to 
do business with colonies. Furthermore 
the sources of most of the food and raw 
materials as well as the markets for 
manufactured goods are in independent 
countries. A reason behind the commer- 
cial one is the desire to control the 
products in time of war. Even this is 
not a valid reason because an enemy can 
cut off the colony from the metropolitan 
country and secure its products. Striking 
examples are the Netherland Indies 
which cannot supply rubber and quinine 
to the Netherlands, and Malaya which 
cannot supply Britain with rubber and 
tin. With a world organized on a basis 
of peace, this excuse for colonies is not 
valid. 
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THE MANUFACTURE OF CLAY PRODUCTS IN THE 
LOWER WABASH VALLEY 


ALDEN CUTSHALL 


University of Illinois, Urbana, Illinois 


The clay industry of the Lower Wabash 
Valley includes the manufacture of the 
various kinds of bricks, drain and build- 
ing tile, sewer pipe, electrical conduits, 
pottery, sanitary ware, and a variety of 
other products. However, as far as sta- 
tistical measurement is concerned, the 
manufacture of brick and tile far sur- 
passes all other clay working industries. 


Brick yards have always operated in 
the vicinity of the major cities and many 
of the medium sized and smaller towns 
of the United States, but there has been 
a tendency to concentrate at favorable 
production centers. By the end of the 
century, this trend began to manifest it- 
self distinctly in the eastern states but 
was not noticeable in southern Illinois 
and Indiana until the World War era. 
Between 1910 and 1925 those plants which 
were unfavorably located with respect to 
raw materials, transportation facilities, 
and markets were gradually discontinued, 
leaving an area of four or five counties 
extending north and west from Brazil 
with most of the important clay plants 
of the region. Within the last decade 
about one-half the remaining plants have 
closed and Clay County (Indiana) re- 
mains as the only important producer of 
clay products within the area. 

An Early Period of Small Plants.—The 
clay industry of the Valley dates from 
about the middle of the last century, 
but it was about 1900 before a large clay 
plant was built in the Wabash Valley. 
Although brick making was almost as 
widely distributed as town-building, most 
of the plants were small and, in general, 
served only the immediate vicinity. (In 


1880 there were thirteen brick and tile 
plants in Vigo County and six in Knox 
County. After 1900 the introduction of 
more modern brick-making machinery 
and the growing demand for specialized 
products (pressed brick, fire brick, and 
paving brick) encouraged a greater de- 
gree of specialization, which has con- 
tinued from that time to the present 
decade. By the end of the century Terre 
Haute had only six plants, three in 1930, 
and only one by 1940. 


Although a number of large plants fol- 
lowed in rapid succession after 1900, the 
trend away from small establishments 
was not yet apparent in 1913. The Clay 
Products Directory‘ for that year lists 
more than 75 plants located in 44 cities 
and villages of the area. Every county 
except Wabash, Gibson, and Pike was rep- 
resented, and Clay County continued its 
early leadership with 15 concerns, some 
of which made several different ceramic 
products. 

Industrial Selection Within the Last 
Decade—The unusual demand for drain 
tile in the Corn Belt of Illinois and 
Indiana gave special impetus to that 
phase of the industry. This region was 
within the area of Wisconsin glaciation 
and the postglacial epoch has been so 
short, geologically speaking, that the 
drainage of large areas had not become 
organized by the time of white settlement. 
This, in part, accounted for the develop 
ment of the National Drain Tile Com- 
pany of Terre Haute which was rated as 
the “strongest tile plant” in the state in 
1931. It marketed about two-thirds of its 
products within Indiana and 80 per cent 


2One of the oldest ceramic plants in the state is the Griffith Pottery at Clay ‘eg 4 which 


was established in 1848 and has 
latch, “The Clay Resources of Indiana,” 
Geology, Publication No. 123, 4 + Be 107 
handpower machine in 1852. 

Economic Geography, Vol. 7, £934, 4 3 


been operated continuously since that date. (G. Whit- 
Indiana Department of Conservation, Division of 

). The first tile made in Indiana was made b: y a 
Re Perkins, “The Significance of Drain Tile in Indiana,” 


? Brazil was an early leader in this amen and the first laree plant in that area was 


built in 1891. 
3 


(The Terre Haute Tribune, Vol. 91, No. 62, Jan. 31, 1 


40, Sec. G. p. 15.) 


Tenth Census of the U. S., 1880, Manufactures. 


‘Directory of Clay Products Manufacturers in the U. S., compiled by L. L. Longdoni, 1913. 
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of the rest in Illinois, but the remaining 
sales were scattered over nine states.* 

This industry has suffered severely in 
recent years. The business depression 
affected the farmer in numerous ways 
and thereby limited the sale of drain tile. 
When he experienced a recovery the pur- 
chase of new machinery and the upkeep 
of the farm buildings and fences, rather 
than further draining of the fields, have 
occupied his time and taken what money 
could be spared for improvements. The 
United States land policy of adding acre- 
age in the irrigated west and retiring 
from production a similar acreage in the 
eastern states has tended to retard the 
further reclamation of wet lands. The 
conservation program has limited the 
acreage of soil depleting crops which, in 
general, are the crops that require well 
drained soils. As a result, the drain tile 
plants have ceased operations or, at most, 
are working only a day or two per week. 

According to the 1930 census Illinois 
and Indiana ranked second and third in 
the manufacture of brick and tile, mak- 
ing about 18 per cent of the national 
total,* however, the number of establish- 
ments has decreased consistently since 
1900. 

The clay plants in the Illinois portion 
of the Valley had decreased from 27 in 
1913 to four in 1929, and three of those 
have since been closed. The only addi- 
tion was the W. A. Case Company, a 
large concern manufacturing sanitary 
ware, which located in Robinson shortly 
after 1920. In Indiana the proximity of 
cheap fuel and a more suitable supply of 
raw clay were responsible for the sur- 
vival of a greater percentage of the 
original plants. Whitlatch’ shows 37 
plants in the area, 13 of which were in 
Clay County, and 14 of the remainder in 
Vermillion, Parke, and Vigo Counties. 
The recent depression has reduced this 
number by more than 50 per cent. In 
1940 only ten firms were operating in 
Clay County, three in Parke, and one 
each in Vigo and Vermillion Counties. 
(Fig. 1.) Within the last two years two 
plants (at Newport and Brazil) have dis- 
continued operations. It is true that eco- 
nomic conditions have contributed greatly 
to the decline of the industry, but the shift 
to other construction materials has also 
been a vital cause. Concrete and asphalt 





® Perkins, op. cit., 
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Fig. 1.—Although brick and tile plants 
were located in nearly every county of the 
area, most of the major clay products plants 
that remain in operation are localized in 
the Brazil (Indiana) district. 





preparations have replaced the use of 
brick in road construction and the first 
named has become an important material 
in the building of city structures. It is 
easier and cheaper to pour a building 
than to construct it of brick. 

Most major brick-making centers are 
located in the vicinity of the large cities, 
but the Brazil region has been able to 
develop a clay industry and remain an 
important producer despite the absence 
of nearby urban agglomerations. A 
number of factors have contributed to 
this success: (1) The operators have 
had easy access to an ample supply of 
raw materials. Most of the plants use 
underclays or shales associated with the 
local coal measures and in many cases 
their pits are located within a few hun- 
dred feet of the plant. (2) The proximity 
and cheapness of the fuel as well as the 
clay is another vital factor, and not infre- 
quently these two major raw materials 
have their source in a common mine or 
pit. (3) The area possesses an efficient 
transportation system, all major plants 
having switching facilities from one of 


380. 
* Fifteenth Census rot the United States, 1929, Manufacturers. 


™Whitlatch, op. cit., p. 68. 
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TABLE I.—BricK AND TILE PLANTS oF ILLINOIS AND INDIANA’ 
































Value of Value added 
Number of products by manufacture 
Date establishments 
Thousands 
Illinois 
566 $ 5,081 $ 4,055 
340 9, 765 7,274 
144 17, 564 12, 734 
101 23, 685 17,782 
48 5, 861 4,313 
558 $ 2,931 $ 2,379 
311 4,719 3,413 
151 9,881 6,444 
77 15,948 11, 841 
27 3,143 2, 288 
1 Data from the United States Census Reports. 

the principal railways. At present the the adjacent states, while the more 


rail connections are of less importance 
than in the past, because the bulk of the 
clay products now moves on the high- 
ways. A decade ago Perkins*® noted that 
most of the drain tile transported within 
Indiana and a large part of that sent to 
points outside the state was carried by 
motor truck, (4) Skilled labor is essen- 
tial for only a few positions, and the rise 
of the brick industry coincided with the 
decline of Terre Haute iron and steel 
production, so an adequate labor supply 
has always been available. (5) Efficient 
business connections and organizations 
have placed the industry on a firm basis, 
and some plants are units of major or- 
ganizations with headquarters in St. 
Louis or Cleveland. (6) Some plants 
have developed sidelines or secondary 
products, and (7) during normal periods, 
adequate and usually vigorous markets 
have been available. 

The products have their greatest market 
in Indiana or the adjacent portion of 
Illinois, but a limited quantity is trans- 
ported to more distant parts of the 
country. In general, the brick and drain 
tile are sold principally in Indiana and 


* Perkins, op. cit., p. 380. 


* Ibid. 
1” Whitlatch, op. cit., passim, and personal interviews by the writer. 


specialized products supply a market that 
extends over a wider area. The National 
Drain Tile Company (no longer operat- 
ing) sold its product in eleven states.’ 
The two plants of the Brazil Clay Com- 
pany, manufacturing face brick, serve a 
market extending over a radius of about 
500 miles. Hollow building tile and silo 


blocks have been shipped to points in a » 


half dozen nearby states. The principal 
market for sewer pipe is Indiana, Illinois, 
Wisconsin, Missouri, and Oklahoma. Fire 
brick and special shapes are sold in the 
Chicago market and fireplace bricks have 
an extensive sale in the southern states. 
The Clay Products Company, which once 
owned three plants near Brazil, was 
unique in that all of its output was 
shipped to points outside the state. How- 
ever, the one remaining plant was re- 
cently taken over by the Arketex Corpo- 
ration which now operates two plants. 
A decade ago’ floor tile was distributed 
throughout the United States with selling 
points at Chicago, New York, and Cali- 
fornian and Canadian cities, and the sani- 
tary ware of Robinson has a national 
market, the home offices of the Case Com- 
pany being located in Buffalo.” 
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THE USES AND PRODUCTION OF TUNG OIL 


GeorGe Cass De Lone 


Jacksonville High School, Jacksonville, Illinois 


Tung oil has been known and used in 
China for over sixty centuries for ship- 
caulking and as an ingredient in Chinese 
lacquers, but it was not introduced into 
the United States until 1869.2 Its use 
was quite limited until during the World 
War when its values were first recog- 
nized. Since then its versatility has 
brought it recognition as a valuable and 
useful natural product. 

Tung oil is the fastest drying oil 
known. A drying oil is one that makes 
substances with which it is mixed non- 
absorbent, completely repellent to water. 
Thus the addition of tung oil to certain 
organic and inorganic compounds and 
rosins gives quick-drying power to var- 
nish and the ability to absorb oxygen and 
form a hard protective film that is re- 
sistant to boiling water, freezing, and 
former whitening effects. 

The general availability of tung o#l in 
quantities commensurate with our grow- 
ing needs served to heighten its value in 
spite of certain drawbacks, and in the 
opinion of a leading chemist its produc- 
tion has completely revolutionized paint 
and varnish manufacture. By 1939 Amer- 
ican manufacturers were relying upon it 
as their major drying oil. 

Despite the earlier use of tung for 
lacquer, it was not used in paints in this 
country until 1936. In that year a new 
kind of paint, whose basal mixture con- 
sisted of 45% soy and 55% tung oil, was 
introduced. Thus in discovering a new 
use for soy oil the paint industry also 
broadened the use of tung oil. The addi- 
tion of soy oil keeps tung from solidfy- 
ing at a relatively low temperature and 
Prevents destructive distillation that 
occurs when it is used alone.‘ 

The modern auto is most grateful to 
tung. Cheaper but better paint and filler 
—_—_ 

Phillips, M. O.: 
Pp. 348-357. 


? Pulsifer, L. Valentine: 
* Gardner, H. A., 


Florida’s Infant Industry, Economic Geography, vol. V., 


jobs, improved gaskets, high grade brake 
linings, enameled surfaces, shellac, and 
bakelite and plastic fittings often depend 
upon it. Linoleum and oilcloth makers 
likewise tip their hats to it, while num- 
erous other things, some of them vital 
to defense, have been improved with its 
addition. Raincoats, shower curtains, and 
balloon coverings now shed water because 
of tung treatment, and shot cartridges 
withstand wetting to a greater degree 
than before. Even a rubber substitute 
has been developed which is composed 
basically of tung. 

Timber-poor China has long employed 
whatever means possible to prolong the 
life of paper and wood. It is tung oil 
that the Chinese have used to water-proof 
their buildings and writing materials,* to 
line. their junks, as an important con- 
stituent in their varnishes, lacquers, 
paints, and japanning processes, and to 
give permanence to their masonry.® 

Certainly the extensive use of tung has 
been a bonanza to American, European, 
and Chinese manufacturers and has im- 
proved the appearance of office, home, 
and barn. 

Whereas tung is indigenous to various 
parts of Malaysia, Africa, and certain 
Pacific islands, China has long been the 
chief producer and exporter. In com- 
mercial circles and in parlance common 
to those acquainted with the oil it has 
been called chinawood oil. This _ is 
a misnomer. It is not a product of the 
wood, but is the oil extracted or ex- 
pressed from the fruit of the tung tree. 
The ,.word TUNG is Chinese for heart, 
and fhe leaf of the most important species 
of the family to which tung belongs is 
heart-shaped; hence the name. The tree 
is brittle and is usually covered with a 
maze of beautiful bell-shaped, generally 


October, 1929, 


The Romance of Valspar, Valentine & Co. 
and Butler, Paul H.: Tung — National Paint, Varnish, and 


nacqner Association, ine., Washington, June, 1937, 


es: 
ber, 1936, Bp. 4. 
5 Phillips: Cit., p. 348. 
¢ Gardner fe . ‘Butler : Op. Cit., p. 2. 


Tung’ Oil’s Marriage to hoyboun, Review of Reviews, vol. XCTV, Septem- 
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pink or white, entomophilous blossoms, 
which precede the leaves. 

Inasmuch as tung is sensitive to cold 
weather, it thrives only in tropical and 
subtropical regions. In China, Alewrites 
fordii, the chief species, is important in 
four provinces, Szechwan, Hunan, Hupeh, 
and Chekiang, while montana species 
does best in tropical Kwangsi province, 
west of Canton. 

It seems that the first seeds to produce 
tung trees in America were imported 
from China in 1905. In that year the 
United States Department of Agriculture 
received nuts from Consul-General Wilcox 
of Hankow. The Experiment Station at 
Chico, California, presumably planted 
them at once.” Concurrently Dr. David 
Fairchild, in charge of the Division of 
Plant Introduction of the United States 
Department of Agriculture, became ac- 
tively interested and through his efforts 
plantings were made in Alabama, Florida, 
Georgia, Louisiana, Mississippi, South 
Carolina, and Texas. By 1909 a govern- 
ment contingent was optimistically inves- 
tigating tung conditions in China. 

To the enthusiasm and experimental 
work of the late William H. Raynes, a 
well-known horticulturist of Tallahassee, 
Florida, is due much of the credit for the 
early developments of the tung oil trees 
in Florida, and that state leads in the 
promotion and interests of tung growth 
in the United States. From Raynes’ one 
successful tree the first grove of commer- 
cial importance in the United States 
originated.® 

With the favorable reports of the gov- 
ernment “spies” who had investigated the 
growth of tung in China, expansion in the 
South appeared to far-sighted individuals 
a just and profitable venture. Both the 
Bureau of Chemistry and Soils and the 
Bureau of Plant Industry have assisted 
in the expansion of tung groves and ,Pro- 
duction through many experiments, while 
state and local agencies have been de- 
voting much attention to the production 
of tung crops as an economic policy. 


™ Newell, Wilmon, et al.: 
Gainesville ; Bull. no. 280, June, 1935, p. 

® Concannon, CG. 3% 
merce, Washington, 1938, p. 

* Gardner, H. A., and Daitier: Paul H.: 

4° Concannon, C. c.: Op. Cit., p. 5. 

"1 Dickey, R. D.: Personal communication. 


“Inspectorate General of Customs (China) : 
(export volumes only), volumes covering years 1913 to 1939 inclusive. 


The Tung Tree. 


Illinois State Academy of Science Transactions 


The first extraction of American oil 
that was sufficient to attract commercial 
interests took place in January, 1929. As 
the extracting machine was installed near 
Gainesville, Florida, and the golden oil 
was pressed out, nationally known manv- 
facturers, representatives of internation- 
ally powerful financiers, chemists, agri- 
culturists, scientific workers, and many 
curious and interested laymen looked on. 
Since then extracting mills have been 
established at numerous places in the 
Tung Belt. The Belt extends along the 
Gulf from eastern Texas to central 
Florida, a strip of territory generally not 
exceeding 100 to 125 miles in width.” 

Thus far tung production in the United 
States has been negligible compared to 
the huge amounts China has contributed. 
Our 11,000,000 pounds produced prior 
to 1941 were about 1.5% of the amount 
imported during those years. Yet the 
decade of the thirties showed a remark- 
able increase from practically nothing to 
4,000,000 pounds produced in 1940. In 
1939 there were over 12,500,000 trees in 
the United States, one-third of them bear- 
ing. This number is constantly increas- 
ing.” 

Imports into the United States in~ 
creased steadily from 1914 to 1937, 
amounting in that year to 175,000,000 
pounds,” valued at $25,000,000 (U. S.). 
But since then the Chinese Incident has 
greatly curtailed Chinese exports which 
have finally been entirely cut off. Mean- 
while, American production is far from 
sufficient to supply recent demands. But 
on the optimistic side there are three 
noteworthy facts: that American oil is of 
much higher quality than Chinese and 
hence goes farther; that the mixture of 
tung oil with certain other lesser-quality 
oils now produces very excellent drying 
results; and, that our production is in 
creasing. 

Therefore, it appears logical that the 
United States will continue its efforts at 
becoming self-sufficient whether China 
rises again as a great exporter or not. 


University of Florida Experiment Station, 


by od Oil Blue Book, USDC Bureau of Foreign and Domestic Com- 
Op. Cit., 


p. 30. 


Foreign Trade of China, Maritime Customs 
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After cessation of the war China will 
have to try to undersell the United States 
and must produce better oil if she’s to 
compete with us. Tung has definitely 
had a setback because of the war, but it 


® Anonymous: H. 
June 26, 1932, part LV, p. 
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may emerge in a healthier, cheaper, and 
more stable condition if and when our 
South provides our needs, which accord- 
ing to some tung authorities may be as 
early as 1947.¥ 


w. oo on Expansion of the Tung Industry, New York Times, 





THE MURNGIN: 


AN EXAMPLE OF HUMAN GEOGRAPHY 


EpnA M. GUEFFROY 


Illinois State Normal University, Normal, Illinois 
Abstract 


The Murngin are only one of several 
small and scattered nomadic hunting and 
food gathering tribes of Australia. They 
wander over the low alkaline plain of 
northeast Arnhem Land, located between 
the Gulf of Carpentaria and the Timor 
Sea. This tropical location, which brings 
the region under the influence of the al- 
ternating rainy doldrums and dry trades, 
limits the number of people who may in- 
habit the land, ahd sets limits to the 
activities of the inhabitants. Fortified 
by mangrove jungle isolation along the 
better watered portions of the flat coastal 
region and tidal rivers the tribe has long 
been preserved from invasion in that di- 
rection. On the south the burning sands 
of the Great Australian Desert closed the 
door to destructive inroads on their civil- 
ization. Thus in this remote refuge the 
geographical factor of isolation made it 
possible for these primitive people to live 
happily within the resources of the re- 
gion, and to preserve intact the customs 
and beliefs which were common to the 
whole human race in its infancy. 

Influence of Water—tTribal life is fo- 
cused around one or more water holes 
which may be an ordinary small lake or 
pool, a river or a creek flowing through 
the domain of the clan, a spring, a native 
well or water hole; and in a few cases 
it may be the ocean itself.1 Small wonder 
that with food and drink of life depend- 
ent on the water holes, and possible death 
resulting from floods, the native has 
chosen water as the chief symbol of the 
Clan’s spiritual life. 

The seasonal fluctuation of plenty or 
scarcity of rainfall regulates the member- 


ship and size of the economic groups. In 
the early part of the dry season when 
food is plentiful friendly clans may live 
together in groups containing as many as 
thirty or forty people. But what might 
have been a community relapses into 
family groups as the drought drags on for 
five or six months. Likewise in the rainy 
months when food is secured with dif- 
ficulty, the group is small. 

Vegetation and Animals—The plants 
that flourish in this tropical region with 
alternating wet and dry seasons are 
limited in variety. Cycad palm nuts, 
Pandanus fruit, the glutinous substance 
from the trunks of small cabbage palms, 
spear grass, lily roots and yams make up 
the chief vegetable diet of the people. 
Every kind of tree found in the environ- 
ment is used for some purpose. 


Hunters they were and hunters they 
have remained. Roaming of course, is 
necessary, since the natives cannot de- 
pend on a regular food supply. The lack 
of domesticated animals cannot be fairly 
charged against the Murngin. With noth- 
ing higher than a marsupial to work with 
the scope was limited. One could hardly 
expect them to accomplish much with a 
kangaroo or a duck-billed platypus. Na- 
ture is prodigal as regards varieties of 
fish, birds and other animals which fur- 
nish the natives with food and material 
for adornment. Oysters and other varie- 
ties of bivalves are gathered by the 
women; and turtles, sharks and croco- 
diles are harpooned by the men. Snakes, 
iguana and grubs are also common ar- 
ticles of food. 


1 Warner, W. L., A Black Civilization, p. 20. 
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Soil and Mineral Influences——Except as 
the soil affects the natural vegetation and 
the vegetation in turn determines the 
food supply, it can be said that soils in- 
fluence the people very little. 

Rocks and minerals, on the other hand, 
play a significant part in the culture of 
the Murngin.’ Every native knows for 
what this or that stone is used. Smooth 
river stones are gathered for ax heads, 
and small stones are used to break mus- 
sel shells and to grind nuts or seeds. 
“Rock ledges forming caves are some- 
times utilized as shelter during the rainy 
season. Rock basins which catch rain 
water are used as types of primitive cis- 
terns to supply water in the absence of 
wells and fresh-water courses.’” 

Deposits of red and yellow ochre are 
used in making body paints, in painting 
totemic emblems, and in working out de- 
signs on carrying baskets, forehead bands, 
etc. 

Shelter.—People who must adjust their 
lives to a shifting food supply must con- 
struct a shelter that can readily be built 
with each new change of location. Fur- 
thermore, the dwellings must have a 
periodical alternation of type due to 
marked seasonal change of wind and 
precipitation. 

During a good part of the dry season, 
the only shelter is some tree underneath 
which a semi-circle of ground has been 
smoothed and outlined by a border of 
sand and perhaps a series of strips of 
paper bark. Another type of dry season 
shelter is a lean-to or windbreak three 
or four feet high, made by placing brush 
against sticks pushed into the ground. 

The wet season house calls for an ad- 
justment to fifty to sixty inches of rain 
during a three or four month period. It 
is a small, dome-shaped house made by 
placing layers of bark over a framework 
of sticks and pandanus leaves. The stone 
cave dwelling is used by some clans in 
the north during the wet season. It is 
interesting to note that clans living near 
mosquito infested swamps build their 
houses on poles about eight feet above the 
ground. 

Clothing—For the Murngin there are 
no changing fashions. If one excepts the 
carrying bags, hair belts, necklaces, and 
public-aprons made of opossum fur string 
as articles of ornamentation or for ritual 


2 Warner, W. L., A Black Civilization, p. 152. 
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purposes, it may be said that the Murngin 
have neither invented clothing nor bor- 
rowed it from others. 

Weapons and Utensils.—Stones, shells, 
wood, bark, resin, grass, leaves, and bones 
of animals—all of these are formed into 
weapons and utensils by which the native 
adapts himself to his natural environ- 
ment. While the use of the bow and 
arrow does not seem to have occurred to 
him, the spear and ax are in general use. 
Clubs and boomerangs used for striking 
blows are commonly made of ironwood or 
the curved roots of the mangrove. Roots, 
yams, grubs and small lizards are dug 
with a digging stick made by sharpening 
both ends of an ironwood stick about four 
or five feet long. 

String, basic to most of the articles 
worn and carried, is made of the inner 
bark of certain trees (the hibiscus in 
particular), roots of trees, human hair 
and opossum fur. Fiber bags woven to 
transport lily bulbs, cycad nuts, yams, 
and other foods are important utensils of 
both the men and the women. 

Tools for catching sea food include 
turtle harpoons, harpoon rope, fish nets 
and fish traps. People in the interior do 
not possess boats of any description bu* 
use a specially constructed bark bundle 
as a raft to cross streams. Coastal peo- 
ple, on the other hand, make canoes from 
certain types of fig and eucalyptus trees 
whose centers have been eaten out by 
termites. 


Art.—The art of the Murngin is con- 
ditioned by the natural environment, the 
most familiar objects occurring with 
greatest frequency. As one might expect, 
figures representing animals such as the 
snake, kangaroo, and fish bulk large in 
the art motifs of their crude rock draw- 
ings and eucalyptus bark paintings. Art 
also finds expression in the human hair 
belts decorated with parrot feathers, 
spear grass armlets, wristlets and anklets, 
totemic emblems of various kinds, feather 
headdresses, and forehead bands for men 
made of fiber string covered with white 
clay or red ochre. 

Myths and Rituals.—Many of the myths 
and rituals symbolize the cycle of rainy 
and dry seasons with the accompanying 
phenomena of greater and less heat, 
changing winds and sky conditions, 
growth and decay of vegetation, and the 
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appearance of certain animals and the 
disappearance of others. This is not sur- 
prising when one considers the need of 
change in the adaptation of Murngin life 
to fit the changing seasons. 

Rhythmic dance movements interpret 
the rise and fall of flood waters, the flow 
and ebb of the tide, the wash of the 
waves covering the sand beaches, the stir 
of water when the waves break, and 
others equally meaningful. 

Although the natives do have a pro- 
found belief in magic, they have a fairly 
wide knowledge of both plant and animal 
remedies for curing illnesses. Infusion 
of broken-up leaves of paper-bark tree is 
the remedy for sore throat; the bark of 


the plum tree is heated and placed over 
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the aching tooth or against the aching 
ear; infusions of the leaves of certain 
trees are used to treat headache; and the 
inner bark of a certain variety of eucalyp- 
tus tree is chewed and swallowed to re- 
lieve chest cold.’ 

Thus we have glimpsed the life of a 
simple people, a self-contained, a self- 
sustaining people; a people whose culture 
is crystallized by the geographical factor 
of isolation, and whose needs and tastes 
are satisfied by a physical environment 
which is both limiting and stimulating. 
It is to be hoped that the Australian gov- 
ernment, which has already reserved 
Arnhem Land for ‘its natives, will give 
adequate patrol to this fast dying race, 
remnants worthy of sympathetic effort to 
save as a unique link with the past. 


®* Warner, W. L., A Black Civilization, p. 221. 
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THE DROUGHT OF CENTRAL UNITED STATES, 
SUMMER AND AUTUMN, 1940 


H, O. LATHROP 


Illinois State Normal University, Normal, Illinois 
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Fig. 


Droughts in the United States may be 
divided into two general classes. One of 
these is a transitory type affecting a 
relatively small area. The other type 
is the one which affects large areas over 
a number of years, in some cases a de- 
cade. Such a prolonged drought occurred 
in the United States during the decade 
1930-1940, and another of the same type 
occurred in the later eighties and early 
nineties of the last century. The years 
1934 and 1936 were the most serious 
drought years of the dry decade of 1930- 
1940. 

Although the drought of the Central 
United States for the summer and autumn 
of 1940 came at the end of a decade of 


14—Rainfall in inches, 


July and August, 1940. 


low precipitation, it belongs to the transi- 
tory type of drought because it affected a 
comparatively small area, and heavier 
rainfall prevailed on all sides. However, 
in much of the area affected the precipi- 
tation was far below normal, and in some 
places lower than during the more serious 
general droughts of 1934 and 1936. The 
1940 drought of central Illinois was ac 
tually one of 19 months duration extend- 
ing from September, 1939, to April, 1941, 
and in some parts of the state it was not 
broken until the autumn of 1941. The 
average precipitation of central Illinois 
during this period was only 70% of nor 
mal. The deficiency of precipitation at 
Peoria during this 19 months was five 
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Fig. 2.—Average pressure, July and August, 1940. 


per cent below that of any previous 
drought, thus setting a record for low 
precipitation for that station. 

The normal rainfall for Peoria for July 
is 3.58 inches, but July 1940, had only 
82 of an inch. The normal rainfall for 
the same station for July and August is 
6.70 inches, but the 1940 rainfall for 
these months was only 2.21 inches or less 
than one-third of normal. Peoria may 
be taken as a type station since it lies 
hear the center of the drought area. 

It will be noted that the heart of the 
drought area is elliptical with the long 
axis running from northern Missouri 
through central Illinois, northern In- 
diana, and into northwestern Ohio, (Fig. 
1). Perhaps the most striking fact em- 
phasized by the isohyetal map is the 
increased precipitation which prevailed 
in all directions from the drought center, 
even toward the generally dryer west. 
The increase of rainfall outward from 
the center was rapid; so that within 100 
Miles in some directions the amount of 
rainfall trebled, and in some cases there 


was actually too much precipitation for 
optimum crop conditions. The region 
lying to the north of the drought area, 
including northern Illinois, Wisconsin, 
Michigan, and parts of Iowa, had excep- 
tionally heavy rainfall. 

The explanation of this small but se- 
vere drought over a limited area appears 
to lie in the high pressure which per- 
sisted during the severe drought months 
of July and August, 1940 over much of 
eastern and southeastern United States. 
(Fig. 2). Undoubtedly it represents a 
westward extension of the Azores High 
Pressure Area over southeastern North 
America. The high pressure prevailing 
over that portion of the United States 
prevented rain bearing winds from com- 
ing into the central part of the country 
from the Gulf and South Atlantic. At 
the same time, cyclonic areas moved 
around the area of high pressure far 
north over the Lakes Region, thus leaving 
the drought area unaffected and without 
rain. 
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PAPERS IN GEOLOGY 


FRoM THE REPORT OF THE SECTION CHAIRMAN 


Seventeen papers were included in the Geology section of which 8 are here- 
with published. Those not published were as follows: 


GutscHick, R. C., University of Illinois, Urbana.—Redwall limestone of 
north-central Arizona. 


Scuoprr, J. M., Illinois State Geological Survey, Urbana.—The morphology 
and distribution of Tasmanites (“Sporangites”); problematic fossils of 
the Devonian-Misstssipian. 


LowenstaM, H. A., Illinois State Museum, Springfield, Illinois—Niagaran 
cherts from northern Illinois and southeastern Indiana. 


Simpson, Epwin, University of Illinois, Urbana.—The Pleistocene geology 
of Garrison quadrangle, North Dakota. 


Brokaw, A. L., Illinois State Geological Survey, Urbana. — Small spores 
from Illinois Ne. 5 coal. 


Easton, W. H., Illinois State Geological Survey, Urbana. — Incompetent 
sediments in the Illinois basin. 


Rowtanp, R. A., Illinois State Geological Survey, Urbana. — Thermal 
analysis of pyritic clays. 

Groaan, R. M., Illinois State Geological Survey, Urbana.—Shape variation 
of some Lake Superior beach pebbles. 


AGNEW, ALLEN F., University of Illinois, Urbana.—Devonian stromatopo- 
roids. 


Sixty-five attended the session. 


Chairman for the Jacksonville meeting is W. E. Powers, Dept. of Geology, 
Northwestern University, Evanston, Ilinois. 
(Signed) A. H. Sutton, Chairman 
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THE ‘“‘TRENTON”’ 


NEAR 


Illinois State Academy of Science Transactions 


MORRIS, ILLINOIS 


C. L. BIEBER 
North Central College, Naperville, Illinois 


Eight miles north of Morris, Illinois, 
in the north limits of the village of Cen- 
tral, SW. % Sec. 28, T. 35 N., R. 7 ZB, 
a quarry exposes rock of Trenton age. 
Culver’ has briefly described this location 
in his report on the Morris Quadrangle. 
The Galena rock in the quarry is of par- 
ticular interest because it is one of the 
few places in northeastern Illinois where 
relationship between the Kimmswick of 
Missouri and the Galena of Wisconsin 
and Illinois may be studied. The quarry 
is located on a gentle rise on a rather flat 
till plain. Three to five feet of till covers 
the rock, the upper surface of which has 
been polished and striated by glacial ac- 
tion. The striae strike S. 55° W. 

Apparently this area of Trenton rock 
represents an erosion remnant which has 
been planed off by glacial action. How- 
ever, the fact that the Maquoketa contact 
is five and onehalf miles east, and 
Pennsylvanian rocks overlap beds of 
Trenton age one and one-half miles south 
and west indicates the possibility that 
the quarry is on a minor fold extending 
from the LaSalle anticline. Payne’ has 
studied the subsurface conditions west of 
Central and found evidence of faulting 
near Sandwich and Millbrook, Illinois. 
His studies disclose a number of minor 
structures associated with the LaSalle 
anticline, and one of these may be repre- 
sented near Central. , 

Mottling.—The middle and lower beds 
of the quarry have a peculiar and striking 
mottled appearance. The main mass of 
the rock is light gray, but the mottles 
stand out as darker grays and browns. 
The mottling is not a surface staining; 
darker areas penetrate the rock in an 
irregular pattern. 

The quarry walls in the mottled hori- 
zons were tested in many places with a 
50% concentrated solution of hydro- 
chloric acid. The light colored portions 
of the rock effervesce as a relatively pure 
limestone, while the stained areas react 
more slowly. Samples of the light and 


1 Culver, HL E., Geology ona mineral resources of the Morris Quadrangle: 
Surv. Bull. 43, pp. 115, 116, 

?Payne, J. N., i haetass indewe of the Marseilles, Ottawa, and Streator quadrangles 
and vicinity ; Fab. Thesis, Univ. Chicago, 1938. 


dark colored rock show the following 
analysis: 


% light % dark 

St 64 Masheatehieadmed -97 3.16 
29 eee ee em 53.77 38.93 
Sos isis «ae eS a a 2.46 14.23 

_ “Gack Be; BN)... 45 97 
SOS $0 cadboneeeve ses 39.50 2.27 
Alkalies 5 at SeERC Teer 2.86 2.48 


The analysis shows that the mottled 
areas are dolomitic, and that they con- 
tain more insoluble material. The ir- 
regular pattern of the markings, and 
thinning or fading of many of the mottles 
at their outer surfaces strongly suggest 
that the uneven dolomitization is caused 
either by the secondary infiltration of 
minerals, or, more probably, by the leach- 
ing out of those originally there. 

In attempting to explain the peculiar 
dolomitization, the writer has considered 
the following: Evidence of solution is 
prevalent in the quarry rock. Vugs of 
varying size, stylolites, large cavities 
along joint planes, slump of beds, and 
insolubles remaining in the rock in the 
form of blue clay and shaly clay-like 
films are common. The light colored 
areas are less dense and not as hard as 
the mottled portions. The porosity of the 
light-colored rock suggests that leaching 
accounts for the partial disintegration. 

The original rock was probably a 
slightly dolomitic limestone. Solution, 
either by sea water or ground water, 
leached the rock. Since descending 
ground waters are known to have a high 
calcium-magnesium ratio, the leaching 
probably took place after the sediments 
were uplifted. The percolating waters 
increased the relative amount of silica in 
the rock, and, by removing calcium, in- 
creased the relative percentage of mag- 
nesium. At the same time, the total 
volume of the rock was reduced. Thus, 
considerable calcium has been carried 
away, leaving the insolubles as clay-like 
films in irregular pattern throughout the 
rock, and dolomitic mottles as evidence 
of remaining partial dolomitization. It 
is realized that this view is the reverse 
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of accepted theories of dolomitization, found at this horizon in the area south 
but the close association of solution and of Plainfield about 15 miles northeast of 
mottling lend support to this belief. Central. The porosity of the rock in this 

The writer has observed rocks of simi- Zone makes it a possible reservoir for oil. 
lar mottling at Dubuque, Iowa, Dixon and (2) The lower 20 feet is a gray, dense, 
Belvidere, Illinois, Ft. Atkinson, Wiscon- 40lomitic limestone in which upper beds 

“ sin, and Groos, Upper Michigan. The Contain several well defined crystalline 
. markings, however, are much less dis» bands. The bands have an uneven sur- 
irk | tinct, and are commonly deeper buff than face at the base, are coarsely crystalline, 
16 § the surrounding rock. At the above loca- nd very fossiliferous. Many of the fossil 
‘33 | tions solution is not nearly so much in fragments appear to have been macerated. 
‘97, | evidence, which fact may account for the The bands, ranging from two to four 
31 less distinct marking of the rock. inches in thickness, grade into bands 
Lithology—The quarry may be divided more finely crystalline above and change 
ed gradually upward to fine grained nearly 
roughly into two zones lithologically. : 
on- lithographic limestone. Zone five of the 
: (1) An upper, consisting of ten feet of : 
ir- measured section shows a one inch band 
ind platy, medium to coarsely crystalline of fine grained rock both above and below 
les limestone. Shales are not common. The one of these tends 
est color of the rock in this zone is light In the lower division, thin shaly part- 
seq | 8ray on a freshly fractured surface with ings separate the massive beds. Also 
of | @ Slight pinkish cast where the rock is ‘nin shaly films, referred to above (see 
ch- | More coarsely crystalline, but the weath- mottling) are found without any definite 
ered rock is buff. Red films often cover pattern throughout the rock. These 
liar | the fossil molds. Secondary calcite is films, when exposed on a fresh fracture 
red § plentiful in the strata and along the are dark gray, dark brown, or black. 
is § joints. Calcite vugs and pyrite are quite The rock gives off a fetid odor under the 
of § common. Small amounts of oil have been blow. of a hammer. 
ties 
and CENTRAL QUARRY, SW. % SEC. 28, T. 35 N., R. 7 E.. MORRIS QUADRANGLE, 
the ILLINOIS 
Feet Inches 
like 10. Limestone, slabby, thin-bedded, gray, weathers buff; bedding surfaces 
red uneven; iron stained in places, calcite vugs; very fossiliferous with 
strophomena DENTURE, TIONS. GRE TOONNG se 6 ccidceccicccscccoccescce 7 3 
| as 9b. Limestone, dark gray, pyritic, fossiliferous; beds three inches thick; 
the SI SU I By 66 ono 66 66K Fé RO KOEERE RF Cee sEeCK CC eeC CCC? 1 
, 9a. Limestone, gray, thin-bedded, slabby, pyritic; calcite vugs............. 1 10 
ing 8d. Limestone, gray, dense, fossiliferous; calcite vugs; crystalline bend 
4 through center which is more coarsely crystalline below than above. 7 
8c. Limestone, gray, fossiliferous, in two thin beds...............eee0005- 7 
a 8b. Limestone, very fossiliferous, near coquina; weathers buff............. 2 
ion, 8a. Limestone, dolomitic, gray to dark gray, beds three to four inches thick, 
ter. bedding surfaces uneven with carbonaceous films between the beds: 
ter, prominent shaly parting at base; mottling of dark and light gray colors 
ling ay ge but not prominent; dwarfed species of Receptaculites near ‘ 3 
SO TOP cece ce rc cceees creer ssesees es eseeseeeesesseseesseseeseseees 
‘igh 7b. Limestone, dolomitic, gray, mottled, brittle; more massive than 8a..... 1 6 
ling 7a. Shale, calcareous, dark gray, somewhat crystalline, carbonaceous; wavy 
ents laminated se persistent as a marker; Hormotoma noted......... 2 
6c. Limestone, dolomitic, gray, mottled, fossiliferous.............00.00000- 7 
ters 6b. Limestone, dolomitic, similar to 6c but contains a Fm ses st crystal- 
in line band which is coarse below grading to sublithographic limestone 
1 upward; base of the crystalline band is umeven.............0eeeeee08 5 
in- 6a. Limestone, dolomitic, gray, brittle, fossiliferous, in a massive bed...... 1 
nag: 5. Limestone, dolomitic, gray, brittle, mottled, carbonaceous, massive; near 
lithographic at top and bottom of this umit............0.ccceeseseeeee 1 6 
otal 4. Limestone, dolomitic, similar to No. 5 except that top for six inches is 
hus Very crystalline: Mottling ProMowuMoed. .o.. oc cccccccccccccsccccccccces 1 7 
4 3b. Limestone, dolomiti ic, gray, dense, massive, mottled.................5+:. 10 
ried 3a. Limestone, aang rw similar to 3b; carbonaceous films on uneven and 
like rr ed es ee se ene ensnckeenekamseetab ceune 3 
2. Limestone, dolomitic, gray, dense, massive, somewhat mottled......... 1 
the 1. Limestone, dolomitic, similar ‘to o 2; sparingly fossiliferous. 
nce Hormotoma and Trovhonema present... ....ccccsccccccccecsccescccece 7 6 
It Comparison with the Kimmswick limestone. 
erse The Kimmswick of Missouri and western Illinois is a medium to massively-bedded, gray, 
crystalline, fossiliferous limestone. It is characterized by its lithologic uniformity. e rock 
ile at Central exhibits the following characteristics, which shows transitional relationships: 
+€0!. ( A number of coarsely crystalline bands in the quarry section. 
(2) The calcareous and not wholly dolomitic nature of the rock. 
agles (3) Gray color with a pinkish tone in the upper beds. 
(4) A fauna which compares closely. 
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USE OF THE GLEN DEAN LIMESTONE AS A STRUCTURAL 
KEY HORIZON IN THE ILLINOIS BASIN’ 


GEORGE V, CoHEE’ 


Illinois State Geological Survey, Urbana, Illinois 


The Glen Dean formation is one of the 
best known formations of the Chester 
series in Illinois. Since 1937 the basal 
limestone has been used widely as a 
structural key horizon and as a subsur- 
face “marker” in drilling. The producing 
formations in most of the new oil fields 
in Illinois lie below the Glen Dean lime- 
stone, so the formation is penetrated by a 
great majority of the oil tests drilled 
within its boundary. 

The formation was first described by 
Butts’ in 1917 as follows: “The Glen 
Dean limestone is named from Glen Dean 
in the southern part of Breckinridge 
County, Kentucky. This name is adopted 
because of the excellent exposure of the 
limestone along the railroad on both sides 
of Glen Dean. It is composed of varying 
proportions of limestone and shale and 
includes locally, at least, a little sand- 
stone. The bottom segment of the forma- 
tion, at several widely separated points in 
Breckinridge County, is about 10 feet of 
green and red shale lying upon the flaggy 
Hardinsburg sandstone.” 

Figure 1 shows the subsurface and out- 
crop boundaries of the Chester series and 
the Glen Dean formation in Illinois and 
the thickness of the Glen Dean through- 
out its areal extent. Considerable varia- 
tion in thickness is noted from north to 
south. Around the north end of the IIli- 
nois basin it is from 0 to 25 feet thick, 
and in Jackson County in southwestern 
Illinois it is more than 100 feet thick. A 
short distance to the east in Union 
County there is a pronounced thinning of 
the formation along the outcrop, but it 
thickens again to almost 100 feet in John- 
son County. In the deep basin area in 
White, Hamilton, and Wayne counties, it 
is generally from 50-75 feet thick. Thin- 
ning of the formation occurs in areas of 
major structural features in the State, in- 


dicating some structural movement dur- 
ing late or post-Glen Dean time. 

The Glen Dean formation in the IIli- 
nois basin is predominantly limestone 
with various amounts of shale. In many 
areas it consists of two limestone mem- 
bers, separated by calcareous shale, which 
are designated as upper and lower or 
“massive” Glen Dean. The upper lime- 
stone is very erratic in its distribution 
but the lower member is persistent and 
maintains a fairly uniform structural re- 
lationship with the underlying beds al- 
though there may be some local variation 
in its thickness. Both the top and base 
of this lower member are used as key 
horizons on which structure contour 
maps are based. The limestone is charac- 
teristically coarse-grained, crinoidal, 
oolitic, and brownish-gray. It contains a 
variable amount of chert and some dolo- 
mite. In most areas it is the highest 
limestone of the Chester series that con- 
tains well developed oolites. (Occasion- 
ally oolites‘ occur in the higher Menard 
and Vienna formations.) In subsurface 
studies the top of the formation is placed 
at the top of the calcareous shale over- 
lying the uppermost limestone and the 
bottom of the formation is placed at the 
base of the calcareous shale below the 
basal limestone member. 

The Glen Dean is usually overlain by 
the Tar Springs formation, generally a 
massive sandstone which varies from 30 
to 135 feet in thickness but in some areas 
it is principally shale or sandy shale. 
The Glen Dean formation is underlain by 
the Hardinsburg formation, which gen- 
erally consists of shale and sandy shale 
or siltstone and is usually from 20 to 60 
feet thick. Locally a well developed 
sandstone may occur within the Hardins- 
burg. 


1 Published with the permission of the Chief, Illinois State Geological Survey. 


2 Now Assistant State Geologist, Dept. of Ge 


ology, Indianapolis, Ind. 


* Butts, Charles, Description and Correlation of the Mississippian Formations of Western 


Kentucky: Kentucky Geol. Survey, 1917, p. 9 
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Fig. 1.—Thickness map of Glen Dean formation. 
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Fig. 2.—New Harmony Field. 


In various areas in the Illinois basin 
certain thin persistent limestone beds, 
such as the basal Golconda limestone, 
have proved more satisfactory than the 
Glen Dean for detailed structural in- 
formation. In the New Harmony field of 
eastern White County the thin basal 
Golconda limestone is present throughout 
the area and is a better structural key 
horizon than the basal Glen Dean lime- 
stone which is slightly variable in thick- 
ness. Figure 2, a north-south electrical 
log cross-section in the New Harmony 
field, shows the variation in thickness of 
the Glen Dean formation in that area. 
The wells represented in the cross-sec- 
tion are about one mile apart. In wells 
one, three, and five of the cross-section, 
the upper Glen Dean limestone is pres- 
ent; however, it is best ‘developed in well 
one. Only the lower or “massive” lime- 
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North-south electrical log cross-section 


stone occurs in the other wells of the 
cross-section. The “massive” limestone is 
poorly developed in well six. In the few 
areas where production is limited to that 
part of the Chester series above the Glen 
Dean, the basal Menard or the lower Kin- 
kaid limestone, if present, are used for 
structural key horizons. 

The Glen Dean formation is an im- 
portant subsurface “marker” because it is 
usually recognized easily in electrical 
logs, in sample studies, and in drilling, 
and it is present over most of the area in 
southern Illinois where oil development 
and exploration is most active. 
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CHESTER INDEX OSTRACODES' 


CHALMER L. CooPER 


Illinois State Geological Survey, Urbana, Illinois 


The ostracodes constitute one of the 
most persistent orders of microfossils. 
Although many genera are extremely 
long lived, careful study reveals many 
species of value as index fossils. These 
forms have been found in all types of 
marine sediments throughout most of the 
Paleozoic era. Freshwater forms ap- 
peared with the change of the sedi- 
mentary conditions that resulted in the 
deposition of alternating marine and 
freshwater beds in the Pennsylvanian and 
Permian systems. The non-marine forms 
become important only in post-Paleozoic 
formations. 

As shown by recent work’ the Chester 
series has furnished one of the most 
diversified ostracode faunas of the 
Paleozoic era. Nearly 360 species are 
known and all but 35 are found in Illi- 
nois. This is a very marked increase 
over the number of species found in the 
lower Mississippian formations. 

A few holdover genera from the De- 
vonian period are present, but in greatly 
decreased numbers, namely Beyrichia and 
Primitia. The Chester series is character- 
ized by a great increase in the number 
of species of Bairdia, Cavellina, Glypto- 
pleura, Healdia, and Paraparchites. 
Genera restricted to the series are Bair- 
diolites, Chesterella, Deloia, Geffenites, 
Glyptopleuroides, Lochriella, Paracavel- 
lina, Perprimitia, and Tetratylus. Genera 


which continue into the Pennsylvanian 
era with little or no change in the num- 
ber of species represented, are Amphis- 
sites, Bythocypris, Ectodemites, Kirkbya, 
and Paraparchites. 

However, genera alone are of little 
value as stratigraphic indices. Only eight 
of the 67 genera known to occur in the 
Chester series are restricted to one forma- 
tion, and five of these are represented by 
only one species each. More diagnostic 
species are found in the New Design 
(lower Chester) group than in the Hom- 
berg (middle Chester) and Elvira (upper 
Chester) groups. In the New Design 
group about half of the known species 
are restricted to one formation, whereas, 
approximately only a third of the species 
in each of the two higher groups are so 
restricted. The greatest change in the 
ostracode faunas occurs at the Homberg- 
Elvira boundary, dividing the Chester 
series into an equal number of formations 
above and below. 

Some of the restricted species may not 
be good index fossils. Many of them are 
new and further work will no doubt in- 
crease their range. In some genera the 
species are so nearly alike that they are 
readily confused, and for this reason they 
are of little value for correlation. These 
include species of Bairdia, Healdia, 
Cavellina, and many species of the Am- 
phissitinae. 


;, Published with permission of the Chief, Illinois State Geological Survey. 


Cooper, Chalmer L., Chester ostracodes of Illinois: 


a) 
101 pp., 14 pls., 1941. 


Illinois Geol, Survey, Rept. Inv, 77, 
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THICKNESS OF GLACIAL DRIFT IN DU PAGE COUNTY, 
ILLINOIS’ 


A. C. Mason 


Illinois State Geological Survey, Urbana, Illinois 


A map showing the thickness of glacial 
drift in Du Page County has been pre- 
pared as an aid to the State Department 
of Public Health in their enforcement of 
water-supply and sewage-disposal regula- 
tions in those regions in which limestone 
and dolomite constitute the uppermost 
bedrock and the glacial drift is thin or 
absent. Water moving underground in 
limestone and dolomite may receive little 
or no filtration, and water from the sur- 
face recharging these formations is likely 
to be inadequately filtered unless it has 
passed through a sufficient thickness of 
glacial drift. Where less than 50 feet of 
glacial drift overlies limestone or dolo- 
mite from which municipal water sup- 
plies are obtained, the Department recom- 
mends continuous and adequate chlorina- 
tion, or, under certain conditions, puri- 
fication and chlorination. Where the 
drift is less than 30 feet thick, the De- 
partment recommends chlorination of 
private supplies. In addition, certain 
local sanitary units, such as township 
health boards, may permit no private 
septic-tank sewage disposal unless there 
is a minimum thickness of 30 feet of 
glacial drift to filter the effluent. 

Du Page County is located directly west 
of Cook County and its eastern boundary 
is less than 5 miles from the western 
city limits of Chicago. It is a suburban 
region where water-supply and sewage- 
disposal problems are common, and it is 
the only county in Illinois in which all 
the bedrock at the surface or directly 
underlying the glacial drift is limestone 
and dolomite. 

The thickness of the glacial drift is the 
resultant of the elevation of the bedrock 
surface, the amount of glacial deposition, 
and the extent of subsequent stream dis- 
section. A contour map of the bedrock 
surface of Du Page County, based on data 
obtained from the logs of more than 600 
wells in the county, shows that the bed- 
rock surface in general slopes from an 


elevation of about 685 feet above sea-level 
in the northwest part of the county to 
an elevation of about 560 feet in the 
southeast corner where a trench in the 
bedrock has been cut by the Des Plaines 
River. The preglacial divide between 
east and southwest drainage appears to 
have crossed Du Page County from north- 
west to southeast, 10 to 15 miles west of 
the present drainage divide. Buried bed- 
rock hills lie along the former drainage 
divide. 

The present ground surface has a gen- 
eral slope towards the southeast, from an 
elevation of about 840 feet above sea- 
level near the northwest corner of the 
county to an elevation of about 590 feet 
in the southeast corner in the valley 
trench cut by the Des Plaines River. 
Standing about 50 to 90 feet above the 
general surface are a series of arcuate, 
somewhat discontinuous, morainic ridges 
trending north to south-southeast. The 
greater portion of the county is covered 
by the Valparaiso morainic system which 
on its west side includes the West Chi- 
cago moraine. Beginning near the west 
border of the county, the ground surface 
rises to the west towards Minooka Ridge. 
In the northeast corner of the county, 
the Tinley moraine forms a prominent 
ridge. The rest of the county is mostly 
covered by ground-moraine and outwash 
plains. 

The map showing the average thickness 
of glacial drift in Du Page County has 
isopachous intervals of 50 feet, with in- 
clusion of the 30-foot isopach because of 
its importance for sanitary engineering 
considerations. The relative accuracy of 
the map varies in accordance with the 
amount of data obtained, which in gen- 
eral is greater in the built-up areas. The 
thickness of the glacial drift varies from 
a maximum of about 175 feet in the north 
part of the county to nothing where bed- 
rock crops out in small areas in the south 
and east parts of the county. The thick- 


/ 1 Published with the permission of the Chief, Illinois State Geological Survey. 
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est drift is found in the north part of 
the county beneath the highest portions 
of the West Chicago moraine and the un- 
differentiated Valparaiso moraine. The 
drift is less than 30 feet thick where 
streams have cut into thin ground 
moraine overlying bedrock hills. These 
areas are in the vicinity of the West 
Branch Du Page River near Naperville, 
the East Branch Du Page River near Lisle, 
and Salt Creek near and south of Elm- 
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hurst. Bedrock is exposed near Naper- 
ville and in a quarry at Elmhurst. The 
drift is also less than 30 feet thick in 
Des Plaines River valley, where bedrock 
is exposed in quarries and at points 
along the hillside. 

In approximately 90 per cent of the 345 
square miles of area of Du Page County 
the drift is more than 50 feet thick, and 
in approximately half the county the 
drift is more than 100 feet thick. 
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BITUMINOUS MATTER IN WARSAW GEODES 


PERCIVAL ROBERTSON 


The Principia College, Hlsah, Illinois 


In 1922 Van Tuyle’ called attention to 
the geodes found in the Keokuk and 
lower Warsaw beds in this language: 
“Apart from Professor Brush’s prelim- 
inary examination and description of a 
few select specimens submitted to him in 
1865 by A. H. Worthen, then director of 
the Geological Survey of Illinois, no 
study of these remarkable geodes has 
ever been made, in spite of the fact that 
they bear a variety of metallic sulphides 
and promise to throw some light upon 
the origin of more important deposits of 
these materials in sedimentary rocks 
which show no signs of igenous influ- 
ence.” In addition to the sulphides, Van 
Tuyl later called attention to another 
very interesting phenomena connected 
with the geodes, namely the occurrence 
of a black bituminous matter. He wrote, 
“The geodes from the lower part of the 
Lower Warsaw at several localities near 
Niota, Illinois, are strikingly contrasted 
to those in other occurrences in that 
many of them are partly or completely 
filled with a black viscous bitumen, The 
fact that such bituminous geodes occur 
in a non-bituminous shale and may be 
found in close proximity to ordinary 
geodes which show no trace of bitumen, 
lends to this feature still greater interest. 
As a general rule, however, the regular 
hollow geodes which occur in the same 
layers with bituminous types show at 
least a black stain in their chalcedonic 
shells.” 

A few years ago Mr. Thayer Gruner, 
then a graduate student at Washington 
University, called the author’s atteniion 
to the appearance of bituminous matter in 
what he described as “vugs” in the Alto 
formation a few miles south of Jones- 
boro, Illinois, specifically along the south 
line of the NW % sec. 1, T. 13 S., R. 2 W., 
in the eroded bank of a small tributary 
of Dutch Creek. The vugs that Mr. 
Gruner described are crystal lined cavi- 
ties found in the interior of siliceous con- 
cretions. These concretions could prob- 


Annual Reports 1921-22, Vol. 


ably be called geodes, although we were 
not able to ascertain if they actually 
weathered out of the limestone and 
formed the familiar rounded pebbles or 
cobbles that most people usually think of 
when we use the term geode. 

With these two occurrences of petro- 
leum-like masses in geodes it appeared 
that there might be value in examining 
more precisely some of the chemical 
and physical properties of the bituminous 
matter and determining if there was any 
marked similarity between the bitumin- 
ous matter found in these geodes and 
petroleum found elsewhere in the state. 
To this end about fifty petroleum-bearing 
geodes were collected from near Niota. 
The oil is usually a black tarry matter, 
so viscous that it will just about flow. 
We were able to collect enough of the 
material in this way for our determina- 
tions. However, we were able to collect 
only a few, eight or ten, of the geodes 
from the Alto formation and found bitu- 
minous matter to be, in these instances, 
merely a black mass lining parts of the 
geode cavity. It may be interesting to 
note in passing that small crystals of 
sphalerite were found in several of these 
bituminous-bearing geodes. In an _ at- 
tempt to obtain the bituminous matter 
we first distilled small amounts directly 
from the broken fragments of the geodes 
but were able to collect a few drops of 
viscous matter resembling a very soft 
paraffine, neither quite liquid nor quite 
solid. The color was dark but not black. 
Not obtaining a sufficiently large sample 
in this way, the balance of the geodes 
were broken up into small pieces, placed 
in a Soxhlet apparatus and extracted 
with carbon tetrachloride. The latter be- 
ing distilled off, there remained a black, 
nearly solid mass of bituminous material 
which provided the samples for most but 
not all of the analyses performed. 

For the purpose of comparison we ob- 
tained samples of petroleum from the 
Colmar-Plymouth oil field through the 


“The Stratigraphy of the 2 etesippian Formations of Iowa,” Iowa Geological Survey, 
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TABLE I.—PROPERTIES OF BITUMENS ANALYZED 




















P To In les in In geodes in 
Crude oil pone arsaw Alto 
from rom formation formation 
Colmar Colmar from near from near 
oil field oil field Niota, Ill. Jonesboro 
85.58 82.83 86.4 
11.93 16.71 11.2 
97.51 98.54 97.6 
21.0 29.0 50.0 
trace trace | trace 
none none | none 
0.902 0.785 | 0.895 
1.4100 | 1.534 
110°C. re. 109°C. 
10 mm. 7 mm. 20 mm. 
Solubility in carbon tetrachloride................|.......-..-...-- sol. sol. } sol. 


























courtesy of Mr. O. C. Ackman of the Ohio 
Oil Company. The oil here is found in 
the relatively shallow depth Hoing sand 
of Silurian age. This particular oil was 
selected because it was the nearest oil 
field to the Niota locality, being less 
than thirty miles away. We determined 
first the boiling point of the bitumen in 
the Warsaw geodes, and distilled the 
petroleum, rejecting all of the faction that 
boiled below the boiling point of the oil 
found in the geodes. The results shown 
in Table I were then obtained — the 
three bituminous residues. 

From these results it becomes ites 
that there is marked similarity between 
the bitumen in the geodes from both 
Niota and Jonesboro and the topped oil 
from Colmar. They were paraffins of 
relatively high molecular weight. There 
are only negligible amounts of unsatur- 
ated hydrocarbons in all three. The 
geode oils show practically no halogen. 
The original sample of crude oil from 
Colmar contained a small amount of salt 
water. No traces of sulfur were found. 
The specific gravity is slightly high in all 
cases except for very high boiling point 
paraffin, (Hexadecane has a_e specific 
gravity of 0.775), but the refractive index 
and boiling points, (the latter taken 
under reduced pressure to avoid cracking 
as much as possible) correspond closely 
to those reported for paraffin hydro- 
carbons of high molecular weight. 

in general the Alto geodes, appear to 
have lost more volatile material than the 
Warsaw ones, It seems reasonable to 
assume that the oils have at least similar 
sources and that they have been subjected 
to similar conditions affecting their for- 
mation, the Alto geodes having lost some- 
what more of their volatile fraction. 


The problem of migration of the oil 
into the geode is more difficult. Any as- 
sumption of original oil in the geode 
appears fantastic. We have found that 
the Warsaw formation where in contact 
with oil bearing geodes is quite saturated 
with petroleum in one locality, specifically 
along the south bank of Tyson creek 
about where it intersects the south edge 
of sec, 15, T. 7 N., R. 8 W., south of Niota, 
Illinois. 

The chalcedony geode shell, and more 
particularly the shale layer immediately 
in contact with it are very impervious. 
Dr. Norris Johnston of the General Pe- 
troleum Corporation of California reports 
in a private communication that the air 
permeability of the geode walls run from 
0.03 to 0.37 millidarcies, while that of a 
characteristic sample of Warsaw shale 
from the same horizon as the geodes was 
0.54 millidarcies. 

While the main part of the geode walls 
are highly impervious, in breaking some 
geodes there seem to be minute cracks or 
capillary tubes thru which the oil may 
have penetrated. There are sometimes 
seen fine black lines of oil extending from 
the center of some geodes to, or nearly to, 
the outer edge of the chalcedony shell. 
If oil was under considerable pressure in 
the rocks, it would probably find it easier 
to compress the gas contained within the 
geodes passing through the few capillary 
openings than to overcome the resistance 
of passage through the only very slightly 
pervious shale. We suspect the unusual 
imperviousness of the shale directly sur- 
rounding the geode is an important bit 
of evidence regarding the origin of the 
geodes themselves. 

Conclusion: The bituminous matter in 


geodes found in the Warsaw formation 
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in the vicinity of Niota, Illinois, and in 
geodes found in the Alto formation a few 
miles south of Jonesboro, Illinois, is 
similar in some of its chemical and 
physical properties to petroleum found in 
the Hoing sand at Colmar, Illinois, except 
that the materials in the geodes have 
less of the more volatile hydrocar- 


bons. The shale in contact with some 
bituminous bearing geodes is itself oil- 
bearing in at least one locality. The oil 
would find the shell of the geode in gen- 
eral difficult to penetrate, but there are 
capillary passages that would afford a 
passage to the interior of the geode, 
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SUBSURFACE 


STRATIGRAPHIC SECTIONS 


NEAR TYPE 


CHESTER LOCALITIES IN SOUTHWESTERN 
ILLINOIS’ 


FrRankK E. TIPPIE 


Illinois State Geological 


Introduction—The correlation of the 
Chester formations in southwestern Illi- 
nois has been greatly aided by the study 
of cuttings from wells which are located 
near the type localities of these forma- 
tions. Descriptions of outcrops and well 
cuttings agree closely. Most outcrops do 
not expose a complete formation and its 
relationship to formations above and be- 
low it. Therefore, subsurface §strati- 
graphic sections of seven Chester forma- 
tions having type localities in southwest- 
ern Illinois are presented to enable geol- 
ogists to observe these relations and 
make direct comparisons with other 
stratigraphic sections. 

Aux Vases Sandstone.—In 1892, C. R. 
Keyes (1, p. 298)? proposed the name Aux 
Vases for the “ferruginous sandsfone” 
described by Shumard, typically exposed 
at.the mouth of Aux Vases Creek, Ste. 
Genevieve County, Missouri. The Aux 
Vases sandstone is now recognized as 
the basal formation of the Chester series. 
It overlies the Ste. Genevieve limestone 
unconformably and is in turn overlain by 
the Renault formation. 

In the type locality the Aux Vases (4, 
p. 229) formation consists of two zones, 
each 18 feet thick. The lower zone is 
made up of interbedded variegated shales 
and sandstones, and the upper is massive 
fine-grained sandstone. It is overlain by 
the Renault formation, consisting of 2 to 
4 feet of sandstone and sandy green clay 
overlain by purple shales. 

The Anderson-Cassoutt No. 1 well (fig. 
1B) is located 7 miles east of the type 
locality of the Aux Vases sandstone. In 
this well the Aux Vases is represented by 
56 feet of fine-grained to coarse-grained 
angular sandstone. The base is a sand- 
stone conglomerate containing pink and 
white chert and a few limestone frag- 
ments. This is indicative of the uncon- 


Survey, Urbana, Illinois 


formity recognized at the base of the 
Aux Vases formation. The Aux Vases 
becomes increasingly finer-grained up- 
ward. It is here overlain by very fine- 
grained pink pyritic sandstone and inter- 
bedded variegated shales of the Renault 
formation, 

Renault Formation.—Stuart Weller (2, 
pp. 122-124) proposed the name Renault 
for the series of limestones, sandstones, 
and variegated shales that lie above the 
Brewerville, now the Aux Vases sand- 
stone, and below the Yankeetown chert. 
The Renault formation is typically devel- 
oped along the tributary to Dry Fork of 
Horse Creek in sec. 23, T. 4 S., R. 9 W,, 
Monroe County, Illinois, and consists of 
the following zones in ascending order 
(5): 

(4) 5 feet of limestone with some 

shale partings. 

(3) 15 feet of calcareous fossiliferous 
shale with numerous thin lime 
stone layers. 

(2) 2to 3 feet of arenaceous lime- 
stone. 

(1) 3 feet of massive sandstone. 


The Renault formation as represented 
in the Ames-Nicholson No. 1 well (fig. 
2A), located 4 miles south of the type 
locality, is, in part, almost identical. 
Zone 1 of the outcrop is represented in the 
well by 23 feet of yellow and greenish 
partly spotted reddish-brown, very fine 
grained compact sandstone with a few 
thin stringers of sandy limestone and 
greenish-gray and purple shales; Zone 2 
by 5 feet of sandy limestone; Zone 3 by 
24 feet of red, purple, and gray calcareous 
shale, interbedded with very calcareous 
siltstone; and Zone 4 by 7 feet of cherty 
coarsely crystalline green limestone and 
white lithographic limestone. 

Yankeetown Chert._The Yankeetown 
formation (2, pp. 124-125) is a hard per- 


? Published with the permission of the Chief, Illinois State Geological Survey. 


? Numbers in parentheses refer to references at end of article. 
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sistent siliceous stratum, typically de- with a few limestone nodules; the upper 
veloped as an arenaceous chert near zone is more calcareous and shaly below, 
Yankeetown School in southeastern Mon- grades upward into more massive lime- 
roe County, Illinois. stone beds, and totals 30 to 40 feet in 
Only a few subsurface records show’ thickness. In 1920, Weller (3, p. 298) 
the Yankeetown chert in its typical out- extended the Paint Creek to include the 
crop form. In the Ames-Nicholson No. 1 variegated shales in the lower part of 
well, 5 miles southeast of the type lo- the Ruma formation and suggested that 
cality, the Yankeetown formation is rep- the name Ruma be discontinued as a 
resented by a sandy chert in the lower formation name. This would establish a 
16 feet and by a slightly calcareous chert third zone in the Paint Creek. 
in the upper 7 feet. A few miles to the In the composite log of the Ames- 
east of the outcrop belt, the Yankeetown Nicholson No. 1 and the MHaverstick- 
formation becomes a very fine-grained Dashner wells, respectively one mile 
sandstone that continues into the Illinois southeast and two miles northeast of the 
basin. type locality, all three zones are present. 
Paint Creek Formation—The name The lower red shale zone with limestone 
Paint Creek (2, pp. 125-126) was proposed nodules is 28 feet thick. The middle 
by Stuart Weller for the red shale and limestone zone consists of a lowermost 
limestone above the Yankeetown chert ‘ub-lithographic limestone 15 feet thick, 
and below the variegated shales and 4 middle sandy limestone 15 feet thick, 
sandstone of the Ruma formation. The 4nd an uppermost light brown and pink, 
Paint Creek formation is typically de- partly oolitic and partly coarsely crystal- 
veloped along the tributary to Paint line limestone 12 feet thick. The third 
Creek in sec. 2, T.5S.,R.9 W., Randolph zone is 12 feet of variegated shale. 
County, Illinois. Weller recognized two An additional zone, not noted in out- 
zones of the Paint Creek: The lower zone _ crops but generally recorded in wells, is 
consists of 20 to 25 feet of deep red clay a thin very fine-grained sandstone or silt- 
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WELL NO. 2* 
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Shale, yellow, qreanish-gray, red, dark gray, 
flaky 


Limestone, partly colitic, light brown, pink, 
yellow, coarse, crinoidal 


Limestone, becoming very sandy at base, 
partly oolitic, buff, green, little pink, 
tine to coarse, crineidal 


Limestone, buff, green, light gray, sub- 
lithographic, trineidal 


Shale, calcareous, dark red; few red and 
greenish limestone nodules 
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very fine, crystalline 
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dark gray, shale more prominent in lower 
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stone that occurs directly above the red 
nodular shale. However, this sandstone 
is not present in the Ames-Nicholson No. 
1 well. 

Menard Formation.—_The name Menard 
(2, p. 128) was proposed for the mod- 
erately thick-bedded limestone with num- 
erous shale partings, typically exposed in 
the Mississippi River bluffs at Menard in 
Randolph County, Illinois. In the out- 
crop the limestones are generally bluish- 
gray, close-textured, and fine-grained and 
often have a small amount of chert. 
Coarsely crystalline limestones may be 
common locally, but they are usually rela- 
tively thin and occur in the upper part 
of the formation. The lower part of the 
Menard is usually marked by a dark gray 
shale with thin limestone streaks. 

The Lachtrup-Schulze No. 1 well (fig. 
2B), 7 miles northeast of the type locality, 
exhibits a fairly typical Menard succes- 
sion. At the base is 16 feet of shale and 
argillaceous limestone. Above this is a 
3-foot oolitic limestone followed by 17 feet 
of more or less argillaceous limestone. 
The next lithologic unit is 35 feet of 
light brown, very fine-grained partly 
crystalline limestone. The lower five feet 
of this unit is a silty green dolomite 
whose lateral extent is not known, and 
for this reason the dolomite is not con- 
sidered a separate unit. Chert is present 
at depths between 210 and 220 feet. The 
top of the Menard is 18 feet of fossilifer- 
ous shaly limestone and dark gray shale. 
The limestone is generally very fine- 
grained but some is coarsely crystalline. 

Palestine Sandstone—The Palestine 
sandstone (2, pp. 128-129) was so named 
because its type exposures are in Pales- 
tine Township, Randolph county, Illinois. 
It consists in part of heavy beds of sand- 
stone and in part of thinly bedded sand- 
stones or arenaceous shales. 

In well No. 4, located about six miles 
east of the type locality, the Palestine 
formation consists of two zones: a lower 
light gray fine-grained incoherent and 


carbonaceous sandstone 32 feet thick, and 
an upper light greenish-gray very fine 
grained calcareous carbonaceous and com- 
pact sandstone 12 feet thick. Arenaceous 
shales are not shown in sample cuttings 
from this well. 

Clore Formation.—_The name Clore (2, 
p. 129) was applied to a series of inter- 
bedded limestones and shales that overlie 
the Palestine sandstone and crop out near 
Clore School in Randolph County, Illi- 
nois. In many places the Clore includes 
much more shale than limestone. The 
shales are generally calcareous and dark 
in color. The limestones are variable, 
grading from dense argillaceous lime- 
stone to crystalline limestone. 

In well No. 3, located about four miles 
northeast of the type locality, the Clore 
formation is represented by 5 feet of a 
very finely crystalline limestone at the 
base, overlain by 38 feet of dark gray 
calcareous shale interbedded with dark 
gray shaly limestone, the shale content 
decreasing upward. Above this shaly 
zone is 10 feet of brown very finely 
crystalline limestone overlain by 5 feet of 
very argillaceous greenish-gray limestone. 
A few fragments of this limestone in the 
cuttings are red. The next unit consists 
of a dark greenish-gray calcareous and 
argillaceous siltstone, 8 feet thick. The 
top of the Clore is 7 feet of mottled gray, 
crinoidal limestone. 
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RHYTHMS IN UPPER PENNSYLVANIAN CYCLOTHEMS' 


J. MARVIN WELLER 


Illinois State Geological Survey, Urbana, Illinois 


The concept of cyclothems is familiar 
to most geologists who have been con- 
cerned with the stratigraphy of the Penn- 
sylvanian system in Illinois during recent 
years. The characteristic repetitions of 
different types of strata that make up a 
cyclothem are not, however, the only 
rhythms occurring in this system. In the 
McLeansboro group, particularly, com- 
plete cyclothems of different types suc- 
ceed one another in a definite order that 
is repeated at least three times. These 
major rhythms or cycles of cyclothems, 
because of their similarity to one another, 
have caused confusion in the field that 
has undoubtedly resulted in miscorrela- 
tions at some places where outcrops are 
not abundant or adequately connected. 
When they are properly understood and 
worked out, however, they may furnish 
the basis for a new classification of the 
Illinois Pennsylvanian in which the 
cyclothems are joined into groups and 
series that are of more significance 
stratigraphically and historically than the 
ones now recognized. It is also possible 
that these larger rhythms may be the 
long-sought key that will solve some of 
the perplexing problems of interbasin cor- 
relation. 

The succession of cyclothems that are 
now recognized in the McLeansboro is as 
shown in table I. 

These cyclothems are arranged in six 
groups. The lower two are incomplete 
and more or less doubtful, but above the 
base of the Trivoli cyclothem, which is 
the boundary between the Des Moines 
and Missouri series of the Midcontinent 
region, the repetition of four general 
types of cyclothems is conspicuous. The 
highest group is represented only by a 
single basal cyclothem. 

(a) The basal cyclothems of these 
groups are well developed. They possess 
prominent basal sandstones that appear 
to be separated from underlying beds by 
unconformities that at least locally are 
more than ordinarily well marked. Coal 


is generally present and may be locally 
workable on a small scale. Black sheety 
shale is conspicuously present at many 
places and is both underlain and overlain 
by lenticular, dark colored, and very im- 
pure marine limestone of similar lith- 
ology. The upper gray shale member of 
these cyclothems is generally thick. 

(b) Cyclothems of the second type are 
very imperfect or even rudimentary and 
their presence is generally indicated only 
by a more or less persistent horizon of 
marine fossils that may be limestone 
(Collinsville), sandstone (Collinsville, 
Upper Macoupin), or ironstone (Upper 
Newton). 

(c) Cyclothems of the third type are, 
like. the first, well developed but their 
characteristics are quite different. Good 
basal sandstones are present. “Fresh- 
water” limestones are rare and coal 
seams are thin or absent. Black slaty 
shale occurs in the Shoal Creek cyclothem 
but is missing in the LaSalle and Omega 
cyclothems. The upper marine limestones 
of these cyclothems are light colored, 


TABLE I 

Name of Cyclothem Type 
S GUE ic etki icc ccigecdepecsees a 
22 Woodbury cc cece ccccccccccccvccs d 
SM eee ceca tb aed abieenedcadees d 
20 Omega or Greenup......---+eeee0s e 
19 Upper Newton .......ccccccccccee b 
EG) GWA 6 ddccccscsivoceceveccsavade a 
17 Upper? BOGOte ..ccccccccccccccccen d 
16 Lower Bogota .......esccescecees da 
SES een week snkhks oane Gen en ue da 
14 Upper Livingston “La Salle”....... c 
13 Lower Livingston “La Salle”’....... c 
12 Upper Macoupin ......cccccccccses b 
ED PO vb cee diciscacusoctaseev's 4 
Ce, errr rrreer rer re ery d 
© Ge SEED oc cccteacctadiecedaces c 
I hh 6.0.65 oc oe w ardie ewe eeaee b 
DT RE - Wad R46 ee ebtae ew tee se HeeReKee a 
I oon sa tedin a Wades oocnweee d 
DG keen coda cnttn de benbe take gee c 
EE ik o¥ebect dé che daciecdiee es a? 
© PRMIO, WOU occ ccc cccccnccesce a? 
oe EE Gide hé 6 ns.tesevacddenals ce? 
BD TONNE: CATE) 6 dc ccecicccvietoadss c 


1 Published with permission of the Chief, Illinois State Geological Survey. 
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comparatively pure, and massive. They 
have been quarried at many places and 
are probably the most conspicuous beds 
in the upper part of the Pennsylvanian 
system in Illinois. The upper gray shale 
members are generally of only average 
thickness. 

(d) Cyclothems of the last type are 
thin and incomplete and their marine 
members commonly contain  brackish- 
water rather than truly marine fossils. 
On the whole they are difficult to recog- 
nize because of their variability and lack 
of distinguishing characters. Some of 
these cyclothems include very prominent 
“fresh-water” limestones of various kinds. 
Some have well developed black slaty 
shale members that locally attain unusual 
thickness. Coals are generally thin or 
absent although in one area coal in the 
Flannigan is mined in a small way. 


Truly marine limestones are thin or 
absent, and the commonest fossils are 
Estheria and ostracodes in the black 
shales. 

Of the three recognized groups of 
cyclothems above the Trivoli, the first is 
the simplest with only one cyclothem of 
each type and the second is the most 
complex with two cyclothems of the third 
type and at least three of the fourth. 

Field work suggests that the Omega 
limestone of Marion County and the 
greenup limestone of Cumberland County 
are equivalent but the fusulines occur- 
ring in these beds are different, and 
those of the Greenup are believed by Dun- 
bar and Henbest to be much younger. If 
these limestones have been miscorrelated, 
a fourth group of cyclothems, including 
the Omega, is probably present between 
the Upper Bogota and Newton cyclothems. 





FOSSILIFEROUS ZONES OF THE UPPER PENNSYLVANIAN 
OF VERMILION AND EDGAR COUNTIES, ILLINOIS 


Gro. M. WILSON 


University of Illinois, Urbana, Illinois 


The McLeansboro (Upper  Pennsyl- 
vanian) in Vermilion and Edgar counties 
in eastern Illinois is exposed along Ver- 
milion River and Brouillet Creek and 
their tributaries. The McLeansboro has 
been sub-divided into the following 
cyclothems (ascending order): Sparland, 
Gimlet, Trivoli, Shoal Creek, Flannigan, 
Macoupin, and Livingston. The com- 
posite section in Vermilion County in- 
cludes about 300 feet of strata and in 
Edgar County nearly 400 feet. The 
regional dip of the strata is to the south- 
west. The names of the _ various 
cyclothems have been previously assigned 
by other workers. Further detailed study 
of the fauna of these cyclothems may 
prove or disprove their correlation with 
their type sections in other parts of the 
state. . 

In general the strata consists of shale, 
sandstone, limestone, underclay, coal, and 
conglomerate in about that order of 
abundance. Marine invertebrate fossils 
occur in strata above the coal zones of 
each cyclothem, and in calcareous sand- 
stones below the coal in a few instances. 
Plant remains have been found in a few 
places in shale, sandstone, and limestone. 


Land vertebrate fossils were collected 
many years ago from reddish shales in 


the lower part of the Shoal Creek 
cyclothem in Vermilion County, and 
erroneously referred to the Permian. 


Marine fossils occur in greatest abund- 
ance in the limestones, and in decreasing 
abundance in the calcareous shales, black 
fissile shales, limestone conglomerates, 
and sandstones. 

The megascopic fossils indicate a wide 
range of ecological conditions. They are 
very abundant in most of the marine 
members of the cyclothems. The most 
common “ genera. are: Dictyoclostus, 
Neospirifer, Composita, Juresania, Lino- 
productus, Lophophyllum, Sphaerodoma, 
Meekospira, Naticopsis, Bellerophon, Phar- 
kodonotus, Euphemites, Myalina, Allor- 
isma, Schizodus, Astartella, Pinna, and 
many others. Several trilobites have 
been found in the Macoupin. 

. The ostracods are the most common of 
the micro-fossils and will, when further 
study is made, be of considerable value in 
correlation of the Pennsylvanian in Illi- 
nois. For example, Geisina gregaria has 
been found only in the Trivoli in Ver- 
milion County. It is known to occur at 
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the same stratigraphic position in Peoria 
County. This form was originally de- 
scribed in 1906 from the Kansas City 
group of Kansas and called Beyrichiella 
gregaria. It is probable that other forms 
will be of equal value when their strati- 
graphic ranges have been determined. 
The dominant ostracod genera vary be- 
tween cyclothems. The most common 
genera listed in the order of abundance 
are: Bairdia, Cavellina, Hollinella, Am- 
phissites, Kirkbya, Bythocypris, Geisina, 
Jonesina, and Kelletina. 

Foraminifera occur throughout the Mc- 
Leansboro section. One of the important 
forms is Triticites irregularis, which has 
been found also in the Winterset beds of 
Iowa. This form occurs in a shale part- 
ing in the Livingston limestone. Other 
common foraminifera are: Ammodiscus, 
Tetrataxis, Ammovertella, Polytazris, and 
Glyphostomella. Glyphostomella_ trilocu- 
lina thus far has been obtained from only 
the Macoupin. 


Conodonts have been found in several 
zones, even from the uppermost sand- 
stone in the Vermilion County section. 


In the Sparland, at the base of the 
thick marine shale, may be found an ir- 
regular black fissile shale that bears a 
pyritized, dwarfed fauna. Gastropods 
abound, with lesser numbers of brachio- 
pods, pelecypods, some cephalopods, and 
ostracods. The overlying shale contains 
varying amounts of megascopic fossils, 
especially pelecypods. 


The Gimlet in Vermilion County is 
represented by a thin basal sandstone and 
a limestone conglomerate, while in Edgar 
County there has been an addition of sev- 
eral members to the cycle and a thicken- 
ing of the strata to nearly 90 feet. The 
limestone conglomerate is found in Edgar 
County also. It is of marine origin ap- 
parently, for in it there are crinoid stems, 
shark teeth, brachiopods, and bryozoa. 
In some areas it contains microfossils in 
the shales. 


The Trivoli in Vermilion County yields 
largely micro-fossils, while in Edgar 


County it contains large numbers of 
megascopic, as well as microscopic fossils. 
The marine shale immediately overlying 
the coal zone in Vermilion County may 
be divided into two distinct zones on the 
basis of the micro-fauna. 

The Shoal Creek in Vermilion County 
contains fossils in the nodular lime. In 
Edgar County there is an expansion of 
this cycle and a corresponding increase 
in the number of forms. 

The Flannigan yields large numbers of 
microscopic as well as a large megascopic 
fauna. The members of the cyclothem 
are more completely developed in Edgar 
County. 

The Macoupin is ideally exposed along 
Salt Fork of Vermilion River in Ver- 
milion County. At the base there is a 
sandstone which grades upward into a 
siltstone. This is succeeded by a fresh 
water limestone at the base of the under- 
clay immediately below a coal. The coal 
is immediately overlain by a black fissile 
shale. The black fissile shale grades up- 
ward into a dark carbonaceous, fos- 
siliferous shale. The limestone varies 
from pure crystalline to argillaceous, and 
is very fossiliferous, containing large 
numbers of both megascopic and micro- 
scopic fossils. The overlying shale con- 
tains fossils also. 

The basal sandstone of the Livingston 
cyclothem in Vermilion County is exposed 
along the Salt Fork. The black shale, an 
overlying blue shale, and limestone have 
been exposed in the Fairmount quarry. 
In Edgar County there is a continuous 
section along Brouillet Creek. The basal 
sandstone contains Lingula and Aviculo- 
pecten. The black shale overlying the 
coal and the green shale at the base of 
the limestone bear conodonts. The lime- 
stone here is tentatively correlated with 
the one in Vermilion County. It is from 
the shale partings in this limestone that 
Triticties irregularis, has been collected. 

Although the general _ strategraphic 
succession has been studied, this is the 
first detailed study of the fauna that has 
been undertaken. 
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PAPERS IN PHYSICS 


FrRoM THE REPORT OF THE SECTION CHAIRMAN 


Twelve papers were presented at the Urbana meeting, one of which, The 
Betatron, by D. W. Kerst, was published in the September issue of the Trans- 
actions, and five of which are published herewith. The others were: 


Ewert, W. E., Chicago.—Meteorology. A new method of long range 
weather forecasting. 


Watt, C. N., North Central College, Naperville—The inverted pendulum. 
Krgort, V., University of Chicago.—Color vision. 
Ewert, W. C., Chicago.—Falling bodies and the cause of gravity. 


PuHi.Liirs, THEODORE, Wright Junior College, Chicago.—An outline of a 
physics course related to the C. A. A. program. 


Reep, C. I., and B. P. Reep, University of Illinois College of Medicine, 
Chicago.—X-ray diffraction studies on physiological changes in bone. 


Maximum attendance was 70. Chairman for the 1943 meeting at Jackson- 
ville, as elected, is F. W. Cooke, Illinois College, Jacksonville, Tlinois. 


(Signed) Frank L. VERwIEBE. Chairman 
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A DEMONSTRATION RADIO SET 
A. F. INGLIS 


University of Chicago, Chicago, Illinois 


The demonstration radio set to be de- 
scribed here was built to make the tran- 
sition between the circuit diagram and 
the actual circuit easier for the beginning 
student, and to provide a working model 
with which the function of each stage of 
a radio set could be readily demonstrated. 
All the wiring and all the parts of the set 
are placed on the top side of the mount- 
ing board, and as far as possible the lay- 
out of the wires corresponds to that on a 
conventional circuit diagram. Thus the 
function of each connection is made im- 
mediately apparent to the student. See 
fig. 1. 





headphones or a small magnetic speaker. 
The power supply employs a type 80 tube 
operating as a full wave rectifier sup 
plying 250 volt plate potential. 

Each stage in the set is terminated in 
an ordinary wall socket, and the connec- 
tion to the next stage is ordinarily made 
by means of a short double wire running 
to another socket adjacent to it to which 
is connected the input leads of the next 
stage. However, by using a longer wire 
it is possible to skip any stage by bridg- 
ing over it. The set will operate with 
any stage except the detector missing, 
although its power is greatly decreased. 

Thus the purpose of 
each stage is impressed 
upon the student. 

On the top of the 
mounting board and 
running the entire 

: length of the set is an 

ano oscillogram giving the 

api wave form of a typical 











Fig. 1. 


The radio employs a tuned radio fre- 
quency circuit since it Was felt that the 
importance of the superheterodyne prin- 
ciple to the beginning student was not 
sufficient to warrant the added complica- 
tion in the construction of the set. The 
model has four stages: a tuned radio 
frequency amplifier stage using a type 26 
tube; a combined tuned radio frequency 
amplifier and detector stage using a type 
27 tube; an audio frequency amplifier 
stage employing a type 26 tube; the 
power amplifier stage employing a type 
71A tube. There are two tuning con- 
densers which must be adjusted sepa- 
rately. Transformer coupling is used the 
audio frequency section. Sufficient power 
is developed to operate either a pair of 


ry signal for the stage im- 
“See: mediately below. Thus 
: , the progress of the sig- 
Pg nal is graphically illus- 
trated from antenna to 

loudspeaker. It is also 

possible to connect an 

oscilloscope at any stage 
and obtain the wave form of an actual 
signal. In this manner the effects of de- 
tection and amplification are readily 
shown. 

The set was built at virtually no cost 
by Mr. John P. Karbler from discarded 
materials which inevitably collect in any 
laboratory. The mounting board is %” 
plywood, 6’ x 3’, painted white and 
permanently mounted to the wall. The 
set was built under the direction of Dr. 
Harvey B. Lemon. It is used both for 
the instruction of superior students in 
the Physical Science Survey course and 
for the students in the regular General 
Physics course. It has proved to be of 
invaluable assistance in demonstrating 
the basic principles of radio to beginning 
students. 
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A DEMONSTRATION POWER SUPPLY 


O. L. RAILSBACK 


Eastern Illinois State Teachers College, Charleston, Illinois 


63 Volts 
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fF ‘ se ri] ee Res / 
‘ be ~+B" 
gs Votts . . a> 
NS Volts ee i C1 
700 Volts ‘e: ni cy 1 Teter > 
120 ma R, ane RyS nike ol 
C, => Res | Osc iNograph 


R; 500 Ohm Va riable, iO Watt 
Re 2500hm , 5 Watt 


R 2500" ,50 
R 2500 « »@5'"* 
Rs 10.000 » ,10 * 
Re 25000" , 5 # 
R, 225000" , |} 


In the teaching of an elementary 
course in Radio it frequently is desirable 
to show the action of the various parts 
which go into a standard power supply. 
The apparatus here described has been 
planned to make this possible without the 
necessity of re-wiring circuits each time 
a new observation is to be made. The 
circuit diagram shows the arrangement 
of parts and switches. It is “fool-proof” 
in the sense that no damage can be done 
to the unit with any combination of open 
or closed switches. With this unit the 
following observations can be made 
merely with the opening or closing of 
switches: 

1. Half-wave rectification 

2. Full-wave rectification 








Milliameter 
Range ISO ma 





L,,L2 8Hrys.,120 ma 

C, 40 Mfd., 15O Volts 
C2Cy,Ce 8MFd , BOOVolts 
T 52Z3 or 83 


3. The separate effects of each com- 
ponent in the filter section 

4. The effect on voltage of condenser 
or choke in-put 

5. The effect of varying load on volt- 
age out-put. Data for six or more 
points on a calibration curve for a 


given filter arrangement are avail- 
able by opening and _ closing 
switches. 


The effect of using a high vacuum or 
mercury tube can be shown by inter- 
changing a 5Z3 and 83 type tube. 

The unit can be used as a power supply 
in an amplifier or radio. “A”, “B”’, and 
“C” voltages are available at binding 
posts, and the necessary auxiliary instru- 
ments are milliammeter, voltmeter, and 
oscillograph. 
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WHY NOT EXPRESS THE HORSEPOWER IN 
FOOT-POUNDALS? 


C. E. RONNEBERG 


Herzl City Junior College, Chicago, Illinois 


The concepts of mass, acceleration, 
force, energy, and momentum are the 
very basis of mechanics, the foundation 
of all the physical sciences. In spite of 
the importance of these concepts, teachers 
in science and engineering must admit 
that we have a long way to go before we 
achieve uniformity in the handling of 
these concepts. The prejudices of work- 
ers in physical science in regard to the 
units used to measure mass, force, energy, 
and momentum are distressing to the be- 
ginning students who must decode the 
writings and usages of the many authors 
of physics and engineering texts. It is 
worthy of note that the students of 
physics in France, Germany and other 
European countries escape this confusion 
because they are familiar with only one 
system of units—the absolute c.g.s. sys- 
tem. In this country teachers and stu- 
dents must struggle along with both the 
gravitational and absolute system of 
units. 

Many teachers of physics feel that the 
best way to handle the second law equa- 
tion of Newton is to resort only to abso- 
lute units and the equation, F — ma. 
However, the concept of horsepower is so 
entrenched in the minds of the engineers 
and the public in general that they have 
despaired of entirely dispensing with 
gravitational units, Many teachers feel 
that it is necessary to teach the idea of 
pound of force because of its relation to 
the horsepower as 550 foot-pounds per 
second. They feel impelled to devise 
some system of handling F = ma which 
will permit solution of problems in either 
gravitational or absolute units. Many 
teaching devices have been invented to 
accomplish this dual purpose.’ One com- 
mon method is to make use of two differ- 
ent sets of equations for force, energy, 
etc., one for use with absolute units, and 
one for gravitational units. 

The concepts of force, mass, kinetic 
energy, and momentum in reality are not 


1Cf. Perkins, Science, October 14th, 1938; Beardsley, 
? Dampier, William, History of Science, Macmillan 


simple concepts. They are due to con- 
tributions by philosophical and mathe- 
matical thinkers of the caliber of New- 
ton, Galileo, Descartes, Johannes Ber- 
noulli, and Huygens. Ernest Mach’ in 
1888 pointed out that Newton’s definitions 
of mass and force leave us in a logical 
circle: 
F(orce) 


7% 
+ ’ 
m (ass) a(cceleration) 


Riis $ 


These three concepts are all inter- 
related and physicists have adopted two 
different procedures to build up a system 
of units around them. 

Procedure |. The relationship between 
two different masses is determined ex- 
perimentally by the measurement of the 
different accelerations produced by the 
same force acting on the two masses. 
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This led to the relationship, 
m:/m: = a:/a: 








Equation 1 


Eventually the followers of this pro 
cedure arbitrarily selected a conveni- 
ent reference mass, the gram or pound 
to measure the magnitude of any other 
mass in terms of this reference mass by 
the determination of the different accel- 
erations imparted to the two masses by 
the same force, the masses and acceler- 
ations” being inversely proportional to 
each other, i.e., 


Mm: = mi(a:/a2) — a:/a; when m; = unity 
Equation 2 


p, Setomas 89, No. P, a (1939). 
» New York, 1932, 
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The accelerations of course are ex- 
pressed in terms of length and time, as 
em/sec* and ft/sec’. In this experimental 
procedure the acting force remains con- 
stant. This is implicitly stated in the 
expression given in Equation 2 since 


ma: — ma: — a constant. Equation 3 


This led to the common statement of 
the second law of motion, F—ma. In 
this procedure, force must be a derived 
unit dependent upon the units of mass, 
length and time. In this way our com- 
mon absolute units of force, the dyne 
and poundal came into use. 

Procedure Il. In this procedure the 
relationship between different forces was 
determined experimentally by measuring 
the different accelerations imparted by 
different forces on the same mass. The 
accelerations are directly proportional to 
the applied forces, or 
































F; F, 
n m > 
a ae 
F,/F: = a,/a: Equation 4 


This method requires the use of a 
standard force and corresponding acceler- 
ation which is usually the weight and 
acceleration due to the attraction of the 
earth for the given mass at place where 
the experimental work is carried out. 
The last expression is changed to 


F/Wt = a/g 


This is sometimes called the _ ratio 
form of the second law. This method re- 
quires the use of the concept of weight 
and this naturally led to the gravitational 
units of force. It should be noted that 
the concept of mass is not involved in 
Equation 5. Many physicists contend 
that Equatiun 5 in that form is the most 
fundamental! equation in mechanics.° 
Both procedures have been used which 
is responsible for the great confusion 
that exists in regard to the units of 
Mass, force, and energy. “Difficulties 
— . arise from the fact that two 
systems of measurement of force are 
actually in use alongside one another, 
thus producing the appearance of two 
fundamentally different definitions of 


Equation 5 





* Ct. Huntington, Science, 41, 207-209 (1915). 
*Bavink, The Natural Sciences, The Appleton-Century Co., 


force.“ Unfortunately, the followers of 
Procedure II adopted the concept of 
pound of force. In order to get the 
notion of pound of force, it was necessary 
to use the pound of mass. To add to the 
confusion a new unit of mass was in- 
vented, the slug. In order to have the 
second law in the form F—ma mathe- 
matically, Equation 5 is slightly altered, 


F >= Wt(a/g) = W/g(a) — Ma Equation 6 


When F is expressed in pounds of force 
and a in ft/sec’, then the new unit of 
mass, the slug, is a derived unit and is 
defined as that mass in which a force of 
one pound will produce an acceleration 
of 1 ft/sec*. In effect the followers of 
Procedure II in a round about manner go 
from our unit of mass, the pound, to the 
pound of force and back to the hypo- 
thetical unit of mass, the slug, in order 
to use the second law in the form, 
F = Ma = Wt/g(a). In practice this 
results in the use of two sets of equations 
in mechanics as illustrated below: 

Results of Procedure I 

P. E. == mgh 

K. E. = % mv? 

F = mv?/r 


Procedure II 


P. E. = mgh/g = mh 
K. E. = % mv?/g 
F == mv?/rg, etc. 


Often the followers of Procedure II do 
not actually stress the use of the term 
slug. 

As stated before the reluctance of many 
teachers to discard the gravitational 
units of force is due to the use of the 
foot-pound in the horsepower unit. But 
it is still possible to retain the horse- 
power unit and express in absolute units 
as foot-poundals per second. For some 
reason this is not done by writers of 
physics and engineering texts. The legal 
definition of the pound in this country as 
stated by the Bureau of Standards is a 
mass equal to 453.5920 grams. The aver- 
age value of g at sea level and 45 degrees 
latitude is 32.1740 ft/sec’. Hence, the 
horsepower in absolute units will be, 


P = W/t = FxS/t = mgS/t = 
(550 Ibs) (32.1740 ft/sec’) (1 (1 ft) 
1 sec 
= 17696 foot-poundals per second 
For ordinary calculations, the horse- 
power can be expressed as 17,700 foot- 





New York, 1932. 
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poundals per second with an error of 0.02 
per cent. 


For problems involving the conversion 
of mechanical energy into heat, the me- 
chanical equivalent of heat can likewise 
be expressed in foot-poundals per B. T. U. 


1 Calorie = 4.184 joules 
1 B. T. U. = 252 cal — 252 x 4.184 joules 
= 2.50 x 10‘ foot-poundals 
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Expressing the horsepower and the me- 
chanical equivalent of heat in absolute 
English units means that only one set of 
equations is needed to measure force, 
work, potential and kinetic energy, etc. 
The parallelism between the absolute 
metric and English units is quickly 
grasped by the beginning student in 


physics. 





NORMAL DAILY TEMPERATURES FOR AURORA BY 
COMPARISON WITH CHICAGO 


CLARENCE R, SMITH 


Aurora College, Aurora, Illinois 


The normal daily temperatures at 
Aurora have been much desired as a mat- 
ter of popular interest including use by 
the local newspaper which would like to 
report a comparison each day with the 
current mean. Since the use to be made 
of these normals is general rather than 
technical or scientific, it did not seem 
justifiable at this time to undertake the 
rather laborous Fourier series method or 
even one of the elaborate arithmetical 
smoothing methods which have some 
times been used. 

The method here employed was sug- 
gested to the writer by Mr. C. F. Jesper- 
sen of the Chicago downtown station of 
the U. S. Weather Bureau. It consists of 
comparing the Aurora monthly normal 
temperatures with the Chicago monthly 
normals and applying,this variation to 
the Chicago daily normals to obtain 
Aurora daily normals. The city of 
Aurora is located 36 miles from down- 
town Chicago, in a direction west and 
slightly south. The figures used for the 
Aurora monthly normals were those pub- 
lished in the 1940 year issue of Climato- 
logical Data and represent a record cover- 
ing 61 years ending with 1940. The 
Chicago figures, both monthly and daily, 
were those appearing in the Annual 
Meteorological Summary, 1940, for Chi- 
cago, published by the U. S. Weather 
Bureau at that city. This record repre- 
sents a period of 69 years. 

The twelve departures of the Aurora 
from the Chicago monthly normals were 
plotted on calendar coordinate paper and 


a smooth curve drawn among the points. 
From this curve a departure was read off 
for each day of the year. These depar- 
tures were then applied to the published 
Chicago daily normals to obtain Aurora 
daily normals as shown in the accom- 
panying table. Certain values were ad- 
justed slightly by interpolation to fit more 
consistently with the data just before and 
after. In no case was the adjustment 
more than 1 degree. In case of departure 
ending in .5 the choice of whether to use 
the next whole number higher or lower 
was determined by examining the ad- 
jacent data. 

The summer maximum at Aurora is 
higher than that at Chicago while the 
minimum in winter is lower. Yearly 
curves for the two localities are quite 
similar in shape but the Aurora curve is 
in general ahead in phase by about 5 
days. These and other phenomena which 


developed in making the comparisons, 
deserve farther study but are considered 
aside from the main objective of this 
paper. It 


is believed that the Aurora 





Fig. 1.—Departure of Aurora normal monthly 
mean temperatures from similar data for 
Chicago. 
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daily normals here formulated are of 
sufficient accuracy to be of practical value 
until such time as more elaborate meth- 
ods might become necessary. Acknowl- 
edgment is made to Mr. Jespersen not 
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only for suggesting the method, but for 
his kindly interest and his offer of library 
Mr. F. J. Thomas of the Chi- 
cago station also made suggestions which 
proved to be of much value. 


facilities. 


AURORA DAILY NORMAL MEAN TEMPERATURES 














| 
Day Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec. 
| } | 

22 22 29 42 53 64 72 | 73 68 58 45 31 
22 22 29 43 54 64 72 73 68 58 43 30 
22 22 30 43 54 65 72 7 68 58 43 30 
21 22 30 44 55 65 72 73 67 57 42 29 
21 22 30 44 55 65 72 73 67 57 42 29 
21 22 31 44 55 66 72 73 67 56 41 29 
21 22 31 45 55 66 72 73 67 56 41 28 
21 22 32 45 56 66 72 73 66 56 40 28 
21 23 32 46 56 67 72 72 66 55 40 28 
21 23 33 46 57 67 72 72 66 55 39 27 
21 23 33 46 57 67 72 72 65 54 39 27 
21 24 34 47 57 67 72 72 65 54 39 27 
21 24 34 47 57 68 72 71 65 53 38 26 
20 24 34 47 58 68 73 71 64 53 38 26 
20 24 35 48 58 68 73 71 64 53 37 26 
20 24 35 48 59 69 73 71 63 52 37 26 
20 25 36 49 59 69 73 71 63 52 36 25 
20 25 36 49 59 69 73 71 63 51 36 25 
20 25 37 49 59 69 73 70 62 51 35 25 
20 25 37 50 60 70 73 70 62 50 35 24 
20 26 38 50 60 70 73 70 62 50 35 24 
21 26 38 50 61 70 73 70 61 49 34 24 
21 26 39 51 61 70 73 70 61 49 34 24 
21 27 39 51 61 71 73 70 61 48 33 23 
21 27 40 51 62 71 73 69 60 48 33 23 
21 28 40 52 62 71 73 69 60 48 33 23 
21 28 41 52 62 71 73 69 60 47 32 23 
22 29 41 52 63 71 73 69 59 47 32 23 
22 29 41 53 63 72 73 69 59 46 31 23 
| Ree 7 73 46 22 
coterie: Gl lesdiccs 73 ndenaiaise 1D headccen 22 
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WAVE FORMS OF PHASE-SHIFTED SINE PULSES AND 
THEIR APPLICATIONS 


J. T. TYKOCINER AND L. R. BLoom 


University of Illinois, Urbana, Illinois 


In the course of development of an 
automatic recorder of spectral sensitivi- 
ties of photoelectric cells, means were re- 
quired for producing pairs of 60 cycle 
modulated light sources whose intensities 
could be sustained in definite phase re- 
lations. This led to a theoretical study 
of rectified phase-shifted sine waves. En- 
hanced by an urgent demand for a prac- 
tical method of precise determination of 
small phase shifts this work has been 
further developed experimentally. The 
main theoretical and experimental results 
are given in the following brief report. 

The task set for the theoretical in- 
vestigation consisted of finding new wave 
forms characterized by sharply marked 
critical points whose coordinates would 
determine the phase shifts. Such new 
wave forms were derived by the super- 
position of two _ rectified phase-shifted 
sine waves. 

Three distinct wave forms have thus 
been studied: 


(1) Those obtained by the subtraction 
of two rectified phase-shifted sine 
waves. 





Fig. 1.—Graphical subtraction of 
two rectified phase-shifted sine 
waves. 


(2) Those obtained by the addition of 
two rectified phase-shifted sine 
waves. 

(3) Those obtained by a _ rectified 
phase-shifted sine wave added to 
or subtracted from a full sine 
wave. 


Due to space limitation only the first 
type of wave form will be discussed here. 

Fig. 1 represents graphically the sub- 
traction of instantaneous values of two 
phase-shifted rectified waves, A and B, of 
equal amplitude and frequency. Each of 
the seven graphs shows the _ resultant 
wave shape D@—A-B for a particular 
phase shift ¢, namely, ¢—0°, 15°, 30°, 
60°, 90°, and 120° respectively. The re 
sultant curve D appears as an alternating 
wave of double the frequency of the 
original sine wave. The curve has sharp 
peaks marked a, c, and e. It crosses the 
X-axis at the points b and d. Interesting 
from the point of view of practical ap 
plication is the property which makes the 
amplitude of the curve D proportional 
to the sine of the phase angle ¢. A fur- 
ther property is that for D=O, %a>= 
K 7/2 + ¢/2, where K=0, 1, 2, . . . and 
that the value of the abscissa for the 
maximum is X. = Kv + @¢ and for the 
minimum, Xs, — K7. With increasing 
phase shifts the wave form develops 
gradually from an unsymmetrical shape 
with a small amplitude into a symmetri- 
cal triangular form of maximal amplitude 
at ¢—90°. Similar studies of the two 
other types of wave forms mentioned 
under (2) and (3) reveal other charac- 
teristics also depending on the phase 
angle. ° 

In order to examine the possibility of 
producing such wave forms in electrical 
circuits, the oscillographic method was 
applied in connection with mixing cil- 
cuits for combining the two rectified 
phase-shifted sine waves. 

Fig. 2 is an example of a series of oscil- 
lograms thus obtained for ¢=0°, 15°. 
30°, 45°, 60°, and 90° respectively. The 
left column shows the component rectified 
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Fig. 2.—Oscillograms showing subtraction 
of two rectified phase-shifted sine waves. 


sine waves each taken by a separate ex- 
posure while the second column of oscil- 
lograms shows the resultant forms chang- 
ing as the phase is varied step by step. 
These correspond closely to the curves 
theoretically predicted. 

In order to produce any required def- 
inite combination of currents it was 
hecessary to develop accurate means for 
adjusting phase angles of the component 
currents. The oscillograms shown in 
Fig. 2 were obtained at 60 cycles per 
second by a known method of addition 
of electrical vectors in quadrature rela- 
tion. 

For audible frequencies from f—500 
cycles to f— 10,000 cycles per second a 


more accurate method of obtaining phase- 


shifted currents was developed. 
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As shown in Fig. 3, in room I were 
placed the oscillator O, whose frequency 
could be varied from 20 to 20,000 cycles 
per second. The oscillator was coupled 
to a transmitter T. For frequencies not 
exceeding 2,000 cycles this transmitter T, 
consisted of a high impedence earphone 
of the Baldwin type. For higher fre- 
quencies it was replaced by a high fidel- 
ity driving unit of a dynamic speaker 
whose voice coil impedance was 16 ohms 
and whose audio spectrum extended from 
30 to 10,000 cycles. At a distance d: and 
d. of approximately two wave lengths 
were placed two high impedance head- 
phones P; and P:, identical in their char- 
acteristics. One of the headphones, P», 
was fixed in position. The other, P:, 
was mounted on a stand and could be 
shifted between guides by means of a 
worm-gear G. By turning a crank K, the 
distance d, could be varied and set to any 
desired position with an accuracy of 
+0.2mm. For each given phase angle 
, the distance d= d.-d: = ¢»/7f could be 
calculated from the sound velocity v and 
frequency f and then adjusted accord- 
ingly. 

In room II were placed two sets of 
measuring equipment. Each set consisted 
of a voltage amplifier (V. or V»), a 
matching transformer (W, or W)), a full- 
wave rectifier (Y. or Y,») and a coupling 
circuit (Za. or Zp). 

The outputs, a and b, of the receiver 
headphones P; and P. were fed through 
shielded concentric cables into the re 
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Fig. 3.—The acoustic 
shifting apparatus, 
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spective amplifiers V. and V». An oscil- 
lograph G was used as an indicating in- 
strument to observe the resultant wave 
forms. 

For frequencies from 10,000 to 100,000 
cycles the method of adjusting circuit 
constants was used for producing phase 
shifts. Thus, the entire frequency spec- 
trum over the range from 30 to 100,000 
cycles was found adaptable in connection 
with the described wave forms. 

The applications of the new wave forms 
are manifold. By direct use of an oscil- 
loscope which records the wave forms on 
a screen, it is possible to measure the 
coordinates of the critical points of the 
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resultant wave forms and thereby de 
termine phase differences. However, 
more refined methods of utilizing the 
characteristics of the new forms are be 
ing developed. Of other applications 
which are in the course of development, 
the following may be mentioned as ex- 
amples: time axis sweep circuits for 
oscillograph and television tubes, square 
wave generators, and harmonic oscilla- 
tors. 

A complete report concerning the math- 
ematical and experimental investigation 
will be published in a Bulletin of the 
University of Illinois’ Engineering Ex- 
periment Station. 
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PAPERS IN PSYCHOLOGY AND EDUCATION 


FROM THE REPORT OF THE SECTION CHAIRMAN 
Six papers were contained in the program at the Urbana meeting, 3 of 
which are herewith printed. The others were: 


DeYoune, Curis A., Illinois State Normal University, Normal.—Financing 
public education im Illinois, 


HIBLER, FraNcES W., Illinois State Normal University, Normal.—The 
problem of student morale during war. 


Witty, Pavut A., Northwestern University, Evanston.—Mental hygiene 
effects of war upon children. 


Twenty attended the session. 


L. A. Pennington, Physiological Psychology Laboratory, University of Illi- 
nois, was elected chairman for the Jacksonville meeting in 1943. 


(Signed) J. H. Hucues, Chairman 
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WARFARE BETWEEN HUMAN NATURE FICTIONS 


CoLEMAN R, GRIFFITH 


University of Illinois, Urbana, Illinois 


It is obvious beyond all question that 
this war is being fought between armies, 
navies, flying forts, and radios which are 
owned by, and serve the interests of, the 
several nations. These nations, or the 
people who lead them, hate each other 
and are bent on the destruction of their 
enemies. It is not quite so obvious, but 
nonetheless true, that a struggle is being 
waged between patterns of belief, forms 
of government, systems of finance, claims 
to priority in access to raw materials, 
means of control over ocean lanes of 
traffic, and rights to sell goods in pre- 
ferred markets. As an integral part of 
these factors, there are the roots of evil 
intentions which are said to lie in 
balances of power, race hatreds, old debts 
to be paid, and the desire to remedy 
ancient wrongs. Still less obvious are the 
brutal qualities that are commonly at- 
tributed to man’s original nature, — his 
lusts, instincts, and other echoes of the 
fact that he stems from the beasts of the 
field. This might be called, then, a war 
of machines, a financial war, a political 
war, a war of ideologies, a war of em- 
pires, and a struggle for survival, but in 
none of these manners of speech has the 
final and irreducible nature of the con- 
flict been indicated. In the last analysis, 
it is a psychological war. Stripped of 
all the trimmings of men and machines, 
or of policies and practices, this is a war 
of man against himself. It is civil war 
in the body psychologic, It is a war be- 
tween fictions about the nature of human 
nature, that is, a war between partial 
views of the traits of men and of what 
they need in order to live. 

Since all of us are men who normally 
pursue a double path toward self- 
knowledge, that is, a path among the im- 
mediacies of self-inspection, and a path 
among inter-behavioral contacts with our 
own kind, any appeal to the notion that 
we are the witnesses at a civil war 
among human nature fictions stands 


forth, at first sight, almost as a peculiar 
kind of nonsense. If there is anything 
in the whole universe that should be 
known with precision, and in the fullness 
of its being, it is man’s own nature. 
Moreover, it is said to be one of the most 
patent facts of history that human nature 
is the same the whole world over; and 
yet, instead of a view of himself in the 
wholeness of his character, one must still 
insist that death is the price being paid 
for a wild array of partial views and of 
absurd abstractions which are battling 
one another to the bitter end. Some of 
them have stood out to the exclusion of 
all of the others, and some of them have 
been united with others so as to form 
curious caricatures of the truth.* There 
have been biological, rational, spiritual, 
economic, political, liberal, nomadic, 
western, oriental, romantic, pragmatic, 
mystical, humane and military or power 
men, to say nothing of the man of the 
golden mean. These terms have not been 
used to name the several facets of the 
whole of the psychological creature. 
They have been taken as real names for 
views that have been held of man’s essen- 
tial constitution as displayed in what he 
has done, what he wants, what he will 
strive for, and for which he will give up 
his life. Some of them are names for 
the kinds of men who are now grasping 
each other’s throats or blasting out each 
other’s brains from the skies. 

There is, then, at the very center of 
man’s universe a strange paradox. He 
ought, since he is always his own sub- 
ject and object, fully to know himself in 
the completeness of his nature, and yet 
the actual record shows scarcely an int- 
stance when he has scored a notable suc 
cess in synoptic comprehension. So grave 
a failure must be explained and, for 
tunately, the answer is not far away, for 
man has at last become a problem t0 
himself, and this is the beginning of wis 
dom. It is first to be observed that men 


1Each of them, of course, will hold that it reveals the truth, all the others being defec- 


tions from the obvious and the essential. 
Fortune, 1942, 25, 106 ff. 


See, for example, Maritain, J. Christian humanism. 
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must, if the immense variety of partial 
views which crowd the record are to 
make any sense at all, be extremely 
versatile in their resources for adjust- 
ment to life situations. The plain fact 
is that they do have capacities for meet- 
ing their environments which can be 
channeled into action in an amazing 
variety of ways. In the second place, it 
is wholly clear that life situations vary 
over an immense area from deserts to 
lavish riches, from battle, mating and 
feeding to dialogue, friendship and 
aesthetic pleasure, from being ruled to 
the role of ruler, from working and pro- 
ducing to selling and saving, and from 
manual labor to deep concern about 
angles, sizes, words, verbal propositions 
and final principles. When pieced to- 
gether, these two kinds of facts point to 
a single conclusion. At a time and a 
place within a given culture, and for a 
given purpose, men are able to mobilize 
their rich resources for adjustment in 
precisely those patterns which appear to 
be adequate to the conditions which 
prevail. 

This conclusion, however, marks only 
the first step in the creation of human 


_ nature fictions. When a particular set 


of life situations is intensely demanding, 
the whole scope of human nature will 
appear to be expressed in exactly those 
habits, skills, attitudes, and thoughts 
that have been designed to meet the de- 
mands. But it is at this point that the 
next step in the creation of a fiction is 
hormally taken. In proportion as the 
designs for action meet with success, 
they will be used to prescribe the rules 
for response to all kinds of situations, in 
all kinds of cultures, even though the 
initial conditions which gave rise to them 
have already passed away. But success 
alone is not enough. The traits aroused 
by one life situation in its own climate 
of opinion, when utterly demanded by 
that situation, are often abstracted from 
their functional dependency on time and 
place and converted into the intrinsic 
rights, duties, essences, or powers of the 
adjusting individual. In short, they 
appear to express the laws of the inner 
Nature of man, and they are made pre- 
scriptive, therefore, not only for the 
Same but for all other kinds of situations. 
They become definitions of what it means 
to be a human being. Moreover, — and 


*Cf. Laski, H. The Rise of European Liberalism. London: 
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this is the final step in the creation of 
fictions,—the adjustive habits required by 
local conditions of time and place are 
quickly transformed into rules, codes of 
law, customs, institutions and political or 
other social arrangements which appear 
to be right because they manifestly em- 
body the wants, the best thoughts, and 
the hereditary qualities of the men who 
have created them. 

A single example will suffice. With 
the advent of the machine at the outset 
of the Industrial Revolution, the ways of 
men with respect to machines, to raw 
materials, to goods produced, to sales, 
and to bank accounts passed through the 
mighty transformation that marked the 
end of feudalism. Moreover, their man- 
ners of dealing with one another in the 
market place and in the forum took on 
a flavor which set them off from the 
customs that had prevailed in feudal 
times. Men who owned land gave way 
to men who owned goods or banks, and 
in proportion as almost any one could 
share in the new kinds of ownership, 
men became individualists endowed with 
the kinds of rights that individuals ought 
to possess.” From an earlier period, 
these new kinds of men drew upon the 
fiction of rational men as it had been 
perfected by those who had learned how 
they ought to behave if they were to deal 
adequately with geometry, mathematics, 
or with the meanings of words when they 
are used to compose a syllogism. The 
result was, first, an economic sort of man 
ruled by reason in behalf of enlightened 
self-interest, and, second, a whole array 
of political, commercial, international 
and military arrangements, intended to 
bring in a constant flow of raw materials 
and send out a constant flow of goods to 
be sold for a profit. This economic man 
was a liberal, an individualist, or a 
capitalist whose habits, emotions, and 
points of view, instead of being relative 
to the kind of world in which living had 
to be accomplished, appeared to stem 
from his genes and be expressive of his 
inalienable rights. His government, his 
treaties, his wars, his peace pacts, his 
schemes for a balance of power, and his 
attitudes toward natives in the far cor- 
ners of the earth, accordingly, were 
merely public and institutional expres- 
sions of what he conceived to be the 


G. Allen and Unwin, 1936. 
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intrinsic human nature granted to him 
by his Creator. 

This is, of course, an extremely sketchy | 
view of a complex process. This is not 
the place, however, to fill in the details, 
whether for economic or any other kind 
of man, and neither is it the place to find 
out how various types of men fare when 
they go to war in order to protect what 
they manifestly feel to be the inner es- 
sence of their own natures. We must 
not even attempt to trace the way in 
which economic, religious, democratic, 
totalitarian, communistic and emotional 
men, with all their associated practices 
and arrangements, are caught in the 
present tangle of world-wide conflict.‘ 
The existence of human nature fictions, 
however, raises one question which is 
pertinent to this program. Given the 
conditions which produce a varied assort- 
ment of human nature fictions and which 
place them in bitter conflict, what is it 
that preserves them and sheds an aura 
of finality over them? The answer is: 
Education. Education is one of the very 
first of the arrangements set up by 
groups of men in order to develop youth 
in accordance with the fundamental 
nature of human nature. In short, educa- 
tional systems also go to war. In fact, 
they are employed long before the advent 
of overt conflict in order to prepare men 
more heroically to defend or to die for 
the values and natures ascribed to them 
by the fictions they have created. More- 
over, it is education upon which is placed 
the burden of instruction regarding 
civilized habits, customs, institutions, 
practices and loyalties which, because 
they appear to be grounded in human 
nature, constitute exattly the substance 
of the various nations which spring at 
one another’s throats. Stated in another 
way, if wars are fought between human 
nature fictions at the level of the political, 
social and economic arrangements which 
embody these fictions, then education is 
the primary agent by which the truth and 
the authority, both of the fictions and of 
the arrangements, can be nurtured to the 
point of complete conviction and utter 
devotion. 

If, however, education can go to war 
in this fashion, it ought also to be sub- 
ject to mobilization in the interests of 
peace. What is needed is not an educa- 

*Cf. Browne, L. Somethin 


*Cf. Drucker, P. F. The 
5Cf. Tolman, E. C. Psychological man. 





Went Wrong. 


d of Economic Man, New York: 
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tion which will change human nature or 
a mode of training which will eliminate 
brutal instincts, but an education which 
will strive toward, because it is based on, 
the whole of the psychological person in 
the full array of his adaptive talents’ 
For some situations, and when to the 
manner trained, men should be rational, 
but they might also be romantically and 
economically as well as religiously and 
politically democratic, and scientific in 
method as well as emotional and wor- 
shipful in their rights and duties. In 
short, then, these several words could 
not be used as the names of kinds of men 
in a culture whose education was ex- 
pressly designed to develop the whole of 
the psychological person. Moreover, they 
could not be the names of the human 
nature forces, whether they are called 
instincts, innate ideas, or the first prin- 
ciples of being, which guarantee finality 
to political, economic and social arrange- 
ments. By contrast, they would name 
degrees of excellence, now in this facet 
and now in that facet, of races of men in 
accordance with the duties they must 
perform and the relations they must 
establish with respect to others of their 
own kind in the common business of fe- 
moving occasions for civil war in the 
body psychologic. 

It should be obvious that the road away 
from revolution lies in this direction, for 
men who intend fully to realize the whole 
of their natures will not tolerate institu- 
tions, standards and practices which are 
a violation of what they need and must 
secure if they are to avoid ceaseless con- 
flict. They will, instead, create institu- 
tions which are compatible with the 
kinds of human nature their educative 
process has directed them to achieve. 
If, for example, it is affirmed that a form 
of government, or a system of banking, is 
finally and absolutely true because it is 
based on human nature, then schools 
ought to teach that form of government 
and its financial arrangements. On the 
other hand, however, if the human na- 
ture which is said to underlie a form of 
government can be shown to be a fiction 
produced by the chances of time and 
place, and wholly relative to a given cul- 
ture, then education, instead of becoming 
a form of propaganda in order to pre 


New York: The Macmillan Co., 1942. 
John Day Co., 1939. 


J. Soc. Psychol., 1941, 13, 205-218. 
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serve the fiction, ought to stand forth as 
an agent for the training of men who will 
gradually and thoughtfully amend their 
government and all other institutions so 
as to make them fully expressive of the 
whole of their psychological beings. 

The crucial test of this assertion is 
said to lie in the relations that obtain 
between human nature and democracy. 
Democracy, of course, has been defined in 
a great many ways, but none of them 
emphasizes so many facts as the argu- 
ment that plans for self-government 
name a direction of becoming rather than 
a state of being. Likewise, human nature 
can be defined in a great many different 
ways, but none strikes quite so close to 
the spread of man’s abilities as the state- 
ment that the scientific method, that is, 
the operating intellect which uses goals 
as means to further ends, demands more 
of the whole person than any other pos- 
sible statement about him. Human na- 
ture and democracy, then, became twin- 
like terms, for adjusting men who ex- 
emplify the scientific method are the 
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premise of, and the necessary condition 
for, the coming-to-be of democracy. The 
alternative is to use the processes of edu- 
cation in the interests of conformity, that 
is, in the interests of maintaining an ex- 
isting fiction about human nature and 
about all the social arrangements con- 
tingent thereon, In this case, education 
becomes an extremely powerful agent for 
the promotion of wars without end, for 
its natural product is a multiple person- 
ality whose members are always in con- 
flict, either directly or by way of social 
structures. On the contrary, however, 
education can be used for a peculiarly 
human and democratic purpose, namely, 
to direct growth toward the actualization 
of all the powers of adjustment of the 
whole of the psychological person. In 
this case, educated men become, first, the 
necessary correctives of the formal agen- 
cies by which their lives will be regu- 
lated, and second, the natural mode of 
approach to a time when wars need no 
longer be waged because men no longer 
fashion themselves into their own worst 
enemies. 
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HANDWRITING AS A FACTOR IN CREDIT ANALYSIS 


W. R. LAUGHLIN 


Loyola University, Chicago, Illinois 


Credit is the name given to that busi- 
ness operation by which delivery of 
money or merchandise or other consider- 
ation is made on the promise of future 
payment. Credit is based on confidence; 
confidence in a man’s resources and 
ability to pay, in his character and in- 
tegrity; confidence in the stability of the 
locality in which he conducts his busi- 
ness; confidence in the government un- 
der which he lives. Credit-making is an 
estimate or opinion of future commercial 
conditions and of the ability and inten- 
tion of men to carry out a contract. So 
important has this aspect of American 
business become, that up to the present 
emergency roughly one-third of American 
merchandising was done on credit. 

Credit extension has long been granted 
on what is largely a mechanical and sta- 
tistical approach, based chiefly upon eco- 
nomic factors. One widely used method 
seeks to determine the credit character 
of a customer from the information fur- 
nished by him. The applicant is asked 
to answer certain questions with respect 
to race, marital status, length and type 
of employment, age, income, other credit 
affiliations, references, etc. 


While tangible assets may be an im- 
portant basis for the extension of credit, 
yet it can be stated abdgolutely—and it is 
an agreeable evidence of the large part 
which the human element, man himself, 
plays in the more or less sordid opera- 
tions of business—that the rock-bottom 
foundation upon which the whole system 
of credit is based is character. Those 
characteristics of the applicant himself 
most significant to the credit man are 
rightfully identical with the most essen- 
tial elements of success in any man: 
honesty, good habits, ability, industry, 
economy, and care in the conduct of his 
business. Of these assets none can be 
levied upon by law, but just as a man 
cannot attain success without them, so a 
credit man cannot safely give credit to 
an applicant lacking them. In fact, if a 


credit man could be absolutely sure of an 
applicant’s honesty, most other consider- 
ations could safely be eliminated. Not 
that honest men never fail, for they 
often lack ability and other essentials, 
but between the man with large resources 
and doubtful honesty, and the honest but 
financially weak man, the latter is the 
better credit risk. 


Undoubtedly in credit extension there 
are at least two aspects: an economic 
one (the ability to pay) and one largely 
psychological (the intent to pay). It ap- 
pears most likely that our credit con- 
cerns are better equipped to deal with 
the economic aspect than with the psy- 
chological aspect. This paper will report 
the research which has convinced one 
Chicago concern, which does a large 
credit business, that handwriting can be 
an important factor to be considered in 
the extension of credit. 


The prevailing attitude toward hand- 
writing analysis among American psy- 
chologists is one of scepticism and dis- 
trust. Along with phrenology, palmistry, 
and astrology it is contemptuously dis- 
missed or deplored as charlatanism. The 
commercial abuses of graphology seem 
to have disqualified this type of analysis 
for impartial experimental study. Con- 
sequently very few American psycholo- 
gists have studied its methods or claims 
seriously; in their unfavorable criticisms 
they -seldom refer to more than one or 
two inconclusive experiments. The typi- 
cal American attitude has been expressed 
by John B. Watson. Depending as many 
of the critics of graphology do, upon a 
single experiment of Hull and Montgom- 
ery, he concludes that all claims for 
graphology are “a tissue of exaggerations” 
which “will not bear critical experimental 
testing”. Since this famous experiment 


has only remote relation to most of the 
claims of graphologists and practically 
none to their methods of work, it is a 
meager and insecure foundation for such 
a sweeping opinion. Watson wrote twenty 
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years ago, yet this attitude toward 
graphology still prevails. 

Briefly, it may be said that American 
psychology and science regard hand- 
writing as unrelated to the deep-lying 
central factors of personality, and as a 
product essentially of peripheral manual 
movement. In addition they consider it 
to be influenced greatly by external con- 
ditions of instruction and example. 
European psychologists on the other hand 
see in handwriting the essence of expres- 
sion, reflecting many, if not all, of the 
inner constituents of personality. 

In sharp contrast to the scepticism and 
neglect in this country we find an alert 
and sympathetic interest in Europe. 
Many reputable psychologists on the con- 
tinent are following the topic and experi- 
menting in the field of handwriting. 

It was one of these European psycholo- 
gists, Dr. Walter Marseille, who initiated 
the research reported in this paper. Dr. 
Marseille, in addition to completing his 
doctoral dissertation analyzing and criti- 
cising the methodology of the various 
European schools of graphology in 1926, 
had many years experience as a private 
consultant. He saw the possibilities of 


, handwriting analysis as a factor in credit 


extension, and a large Chicago merchan- 
dising company, which we shall call the 
X-company, became interested. The X- 
company is a progressive company with 
special credit problems. Over the past 
ten years its research department has 
developed a rather extensive and compli- 
cated point system which it applied to 
individual applications for credit. Its 
management, however, anxious to cut 
down credit losses, have long been on 
the alert to improve their credit rating 
system and invited Dr. Marseille to con- 
duct research to demonstrate the validity 
of analyzing the handwriting of the ap- 
plicant before extending him credit. 

It took him two years to integrate the 
experience with the American handwrit- 
ing with its own national character and 
its peculiar conditioning. In the United 
States rather uniform conditions of in- 
struction and example, such as the Palmer 
Method, have resulted in a certain amount 
of what might be called “conventional- 
ized handwriting”. The European work 
was mainly with handwriting of indi- 
viduals on a much higher economic and 
cultural level than the Chicago firm’s 
Dr. Marseille, together with 


customer. 
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Prof. Paul Zagersfeld, has done special 
research on this very question of educa- 
tional level. These results, based on 
Senatorial mail, were published in part 
in “Public Opinion Quarterly”, Fall 1941. 

But after acquainting himself with the 
handwriting level of the typical customer 
of company X, Dr. Marseille was given 
two tests devised by the company. 

The first test was taken in New York. 
Two hundred order blanks were sent to 
him. Half of these orders were from 
customers who have proved themselves to 
be good credit risks; experience had 
shown that the other half should not 
have been given credit. Dr. Marseille 
was asked to separate the good from the 
bad credit risks after analyzing the hand- 
writing on the order blanks. He did this 
with an accuracy decidedly better than 
their point system based on social and 
economic factors. The X-company was 
so impressed that they invited him to 
come to Chicago and carry out further 
research and take a second test. The 
second test included six hundred cases 
and the results were just as impressive. 
Dr. Marseille was able to demonstrate 
that credit losses were due not so much 
to dishonesty on the part of the applicant 
as to lack of adjustment, instability, and 
lack of integration. Furthermore, the 
characteristics were apparently revealed 
in the handwriting of the applicant. 

The X-company was convinced that 
here was a method of analyzing credit 
risks that had great potentialities. But 
was this ability subject to training? 
Could it be applied to mass production? 
This was very important, since the X- 
company had, depending on the season, 
from 2,000 to 6,000 applicants for credit 
daily. 

Dr. Marseille was given the task of 
selecting and training in his methods 
five young men and women. None of 
these trainees had any previous hand- 
writing training or made any claim to 
intuitive gifts in this field. After twenty- 
five training sessions of three hours each 
for subjects 1, 2, and 3, and fifteen ses- 
sions of three hours each for subjects 
4 and 5, all were given a test. The test 
material consisted of 500 order blanks, 
half of which were those of good credit 
risks and half were those of bad credit 
risks. The testees were asked to select 
roughly twenty percent of the cases 
which were called the extremes. These 
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TABLE I 
: | Cases Cases % Extremes | Extremes % 
Subject | Rated | Correct Correct | Rated | Correct | Correct 

SRL OLMIS 8 pe: 356 250 70 106 87 8 
RIES OER tk RES 363 238 66 100 72 72 
_ SG Re a ee ERS: 373 220 59 100 71 7 
TIE RE IISA TEAR. 375 228 61 100 69 

LIAL SE GEE LES:. 322 197 61 100 70 70 

















were the cases which the testee felt most 
sure of being good or bad. In addition 
the testee could select as many other cases 
which he felt sure were good or bad as 
he wished. The criterion of whether a 
case was good or bad was of course the 
X-company’s experience with it. If a cus- 
tomer had paid he was good, if he had 
not paid he was bad. The results of the 
test have been summarized in Table I. 
The X-company felt that subjects 1 
and 2 had performed satisfactorily on 
the test and they were permitted to carry 
on some private research which was de- 
signed to acquaint them with the opera- 
tions and problems of the company and 
to see in what actual operational area 
their services could best be used. It was 
decided that subjects 4 and 5, who had 
had less training, should be given more 
training and a second test. Subject 3’s 
performance was deemed unsatisfactory 
and he was eliminated from further con- 
sideration. It is interesting to note, how- 
ever, that his results were on the positive 
side and definitely above chance. 
Subjects four and five and a new 


additional training sessions by Dr. Mar- 
seille and a second test. The results of 
this second test are summarized in 
Table II, 

The X-company was satisfied with the 
performance of these three subjects and 
had them follow the same pattern of fur- 
ther training as subjects one and two. 
At the present time the handwriting 
analysis is definitely a part of the credit 
extension policy of the company. Credit 
applications are being examined by the 
handwriting analysis who accept certain 
applicants, reject others, and refer a third 
group of applicants to the regular credit 
extension programme. 

It is impossible to discuss the method 
of handwriting analysis in the short time 
at my disposal. However, it should be 
emphasized that the method does not con- 
sist of looking for certain definite signs 
of dishonesty in a handwriting. Rather 
it is an evaluation of an individual’s 
writing style as a whole. The Chicago 
firm is concerned primarily with nega- 
tive aspects which are: lack of integra- 
tion of the handwriting style, discrepan- 




















trainee, subject six, who had previous cies in the handwriting style, and 
training in Europe, were given twenty  evasiveness of the style. 
; TABLE II 
| 
: Cases Cases % Extremes | Extrem 
Subject Rated | Correct Correct Rated Correst Ccrtest 
"Ree MSS Pees Boe See a ae 329 221 67 | 92 72 78 
eT SR ae 311 206 66 | 95 69 7 
RS RE ET Pt 338 | 224 66 | 85 | 62 72 
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WHAT CAN THE ELEMENTARY SCHOOL DO TO PREPARE 
FOR WINNING THE PEACE? 


Epwin H. REEDER 
University of IVinois, Urbana, Illinois 


The last forty years have constituted 
a period of very rapid change in public 
school education. This statement is true 
of all features of the school system, in- 
cluding school buildings, professional 
training of teachers, compulsory attend- 
ance age and the like. In no department 
of education has it been more true than 
in the field of the curriculum. From a 
curriculum composed largely of dead, 
inert, static factual material, the schools 
have moved toward subject matter which 
is alive, changing and within the realm 
of children’s interests and comprehension. 
Dead wood has been cut away and rich 
and stimulating new material has been 
added. 

This change has been particularly note- 
worthy in the field of the social studies. 
In this section of the school curriculum 
there has been an increasing tendency to 
introduce problems of contemporary life 
and of national and international thought. 
Leading educational theorists have been 
largely responsible for this movement for 
they have insisted in their speaking and 
writing that the schools should introduce 
contemporary problems into their curri- 
cula. 

On the whole this tendency has been 
a thoroughly desirable and healthy one. 
There is one aspect of it, however, that 
has been unfortunate. Theorists have 
used the expression “the school” in an 
entirely undiscriminating manner, as 
though the children of our schools were 
homogeneous in their maturity and power 
to grasp ideas or to deal with data. The 
absurdity of this assumption is obvious 
as soon as it is stated, but it has ap- 
parently not been recognized by many 
leaders and teachers in the elementary 
school. Urged on by ithe unanalytic 
pleadings of educational theorists, these 
practitioners have often introduced into 
the curriculum of the elementary school 
problems of economic, social and political 
import, the solutions of which require a 
capacity to grasp abstruse ideas or to 





manipulate complicated data which is 
far beyond the abilities of common school 
children. One often suspects that such 
ability may even be far beyond that of 
the average teacher! 

At first thought, one might well con- 
clude that the problem of winning the 
peace after this war is over is one of 
those complicated problems, the intro- 
duction of no element of which into the 
elementary school can be defended. It is, 
of course, obvious that such a topic as 
economic international relations after the 
war would be far too difficult for a child 
in the elementary school. But it is the 
belief of the writer that in a democracy 
there are three elements in the solution 
of most problems, and that with respect 
to the question of winning the peace, two 
of these elements can be presented to 
elementary school children. 

The three elements are: first, the 
emotional background upon which a ma- 
jority of our citizens must agree if they 
are to accept the solutions offered by their 
experts and representatives at the peace 
table; second, the mass of factual data 
which will constitute the basis for de- 
veloping the peace terms; third, the 
actual solution of the world’s peace prob- 
lems as worked out in the final treaty. 

As an illustration of these three ele- 
ments consider the problem of how to 
satisfy the needs of all nations for the 
world’s basic raw materials. This prob- 
lem will have to be dealt with if a per- 
manent peace is to be hoped for; indeed 
it was recognized as of first importance 
when Roosevelt and Churchill included it 
in the Atlantic Charter. In this docu- 
ment, “to further the enjoyment of all 
states, great or small, victor or van- 
quished, of access, on equal terms, to the 
trade and raw materials of the world” 
was stated as a war aim of the United 
Nations. 

It seems obvious that if this provision 
of the Charter is to be fulfilled it will 
mean that nations will have to give up, 
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in some measure at least, their sovereign 
control of the raw materials within their 
boundaries. This will be a difficult thing 
for many Americans to accept; it will 
constitute a radical change in that emo- 
tional background in the light of which 
they have considered all relationships 
with foreign countries. The first element 
in the solution of the raw materials 
question is, therefore, the emotional 
framework within which the details of 
the peace treaty will be enclosed. 

The second element is the factual one; 
where are raw materials found, how far 
have the different nations developed 
them, how far can they be developed, 
where are they located with respect to 
strategic transportation routes and pres- 
ent centers of industrial production. 
Many of these facts are very simple and 
can be easily understood and learned by 
children. 

The third element is enormously com- 
plicated; it consists of the actual treaty 
provisions by which the intent of the 
Atlantic Charter statement is to be im- 
plemented. To determine these provisions 
will require the best brains of the United 
Nations and the consideration of ex- 
tremely intricate data with reference to 
production, consumption, transportation, 
money values and the like. 

The above analysis clarifies the answer 
to the problem of this paper, namely, 
what can the elementary school do to pre- 
pare for winning the peace? It is our 
manifest first duty in this section of our 
school system to go to work on the emo- 
tional background of our children. In 
the opinion of the writer, the previous 
efforts in this field have been distinctly 
harmful rather than helpful. They have 
been calculated to produce in our chil- 
dren a strongly nationalistic, if not ac- 
tually jingoistic attitude. Our nation has 
been held up as the strongest in the 
world, with the best government and the 
highest standard of living existing any- 
where. There is no objection to this, 
provided there is associated with it not 
the smug self-satisfaction which has been 
too characteristic of our national point 
of view in the past, but rather a sense of 
the international responsibilities which 
our fortunate position inevitably lays 
upon us. 

It is the opinion of the writer that 
the provisions of the Atlantic Charter 
should be discussed frequently in ele 


mentary school classrooms, both _inci- 
dentally in connection with classes in the 
social studies, and definitely in current 
events periods. With a study of these 
provisions should be coupled frequent 
considerations of the necessity of a demo- 
cratic association of free peoples to put 
them into effect. Thus, children will grow 
up with certain emotional mind-sets 
which will make easy the acceptance of 
some points of view which are now diffi- 
cult for the American people but which 
are essential if we are to have an endur- 
ing peace. 

It may be argued that it is not neces- 
sary to expose little children to this sort 
of subject-matter. The answer to this 
contention is two-fold. First, if as it 
seems likely, it takes the world as long 
to win the peace after this war as it took 
it to lose the peace after the first world 
war, then children in our elementary 
schools will have become voters long be 
fore the peace is won. Second, emotional 
attitudes are acquired easily by younger 
children, and such attitudes are sur- 
prisingly permanent, coloring their think- 
ing for many years to come. 

It is obvious that our elementary 
schools have for a long time dealt with 
some aspects of the second element in 
solving the problem of winning the peace, 
namely the factual element. But here, 
too, the instruction needs to be changed. 
Geography has been losing its place in 
our common schools in the last few years; 
this movement needs to be reversed and 
a greater emphasis than ever before 
should be given to geographic education. 
Too frequently in the past, however, the 
study of geography has consisted in the 
enforced memorization of a vast number 
of unrelated facts about the various coun- 
tries of the world. The geography of the 
future: should have two main emphases. 

First, it should stress the pattern of 
interrelationships between man and his 
natural environment. This point of view 
has been expressed many times in the 
last forty years, but it is still too in- 
adequately followed in our schools which 
are still teaching locations, products and 
industries as unrelated data instead of as 
factors in understanding the varying ways 
in which man responds to his natural 
environment. 

Second, the geography of the future 
must place far more stress on world re- 
lationships. We need to emphasize such 
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things as the world distribution of races; 
of such basic commodities as oil, rubber, 
coal, tin, iron and foodstuffs; and of 
transportation and supply routes. Only 
as we teach such types of subject matter 
can we hope for a group of future citizens 
who will understand what the terms of 
the peace treaty are all about. 

In a democracy, it is not the peace 
plenipotentiaries nor the President who 
make the peace; in the last analysis it 


is the people who do it. It is, moreover, 
the sentiments and will of the people, as 
expressed through their representatives, 
which modify and readjust the terms of 
peace as time goes on after the acceptance 
of the actual treaty. For the early stages 
of the development of an _ intelligent 
electorate who are capable of grappling 
with these problems the elementary 
teacher has a heavy and vital responsi- 
bility. 
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PAPERS IN SOCIAL SCIENCE 


From THE REeporT OF THE SECTION CHAIRMAN 


Eight papers were contained in the program at the Urbana meeting, in 
addition to one given at the luncheon meeting by Florian Znaniecki, The Social 
Scientist in Time of Crisis. Six are herewith printed. Two others, presented in 
the same symposium, The Fate of the Family, were given by Ernest R. Mowrer, 
Northwestern University, Evanston, and RutrH SHONLE Cavan, Rockford. 


V. Dake Jolley, Wheaton College, Wheaton, was elected chairman of the 
Jacksonville meeting in 1943. 
(Signed) C. W. Scuroeper, Chairman 
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THE FATE OF THE FAMILY 
E. W. BurGEss 


University of Chicago, Chicago, Illinois 


One way to forecast the fate of the 
family is to observe trends in the past 
and at present and to project them into 
the future. 

What are the chief changes affecting 
the American family in the perspective of 
time? 

First of all, if we contrast the colonial 
with the modern American family, it is 
apparent that the family has lost, or is 
still losing, its historic functions. The 
family as a unit of production for the 
market is gone except in rural districts. 
Many home activities of economic sig- 
nificance as canning vegetables and fruits, 
baking bread, laundering, making clothes 
and cleaning and dying them are vanish- 
ing from the family. Recreation has de- 
parted in large measure from the home, 
the only counter gain being the radio 
which paradoxically brings the entire 
outer world into the home. The educa- 
tion of the child is taken care of by the 
day nursery, the kindergarten and the 
school. Health and protective functions 
have been assumed in ever increasing 
degree by the state. Even religious prac- 
tices like family prayers and grace before 
meals are on the decline. There can be 
no doubt that the family has lost so 
many of its functions that some ask what 
is left of sufficient significance to justify 
its continued existence, 

The second great change is that young 
married couples are increasingly separated 
from the in-laws, in space and of more 
importance in spirit. Less and less each 
decade do husband and wife after mar- 
riage seek guidance from their parents. 
No longer is the larger kinship group an 
indispensable factor in regulating and 
guiding the small family unit. 

A third big change, in part related tothe 
preceding two, is the growing emancipa- 
tion of the family from community con- 
trols and from the mores. 

Many observers see in the superficial 
manifestation of this shift such as the 
smaller family and the increasing divorce 
rate evidence of family instability and 
perhaps its eventual disintegration. 


Sorokin like Le Play before him bewails 
the decline of the stable family and the 
rise of the unstable family. 

Other sociologists and I count myself 
in that number welcome this change al- 
though granting the conflicts and losses 
incidental to a transition period because 
of its promise for a higher type of family 
in the future. 

This break of the family with tradition 
is all-important because it means that 
each family is now on its own to realize 
in its own way its potentialities for de- 
velopment. Family stability based on the 
mores was valuable in a static society but 
in a dynamic society it can prevent the 
family from making necessary adjustment 
to new conditions and so stifle the free- 
dom of family members for self-expres- 
sion. The modern family face-to-face 
with a changing situation finds adapt- 
ability to be a more important character- 
istic than integration which we have all 
tended to value higher perhaps than is 
warranted by the facts. 

This point, however, has recently been 
documented by a restudy of the original 
case-records upon which Robert Cooley 
Angell based his findings in his book, 
“The Family Encounters the Depression.” 
He had indeed found that the adaptability 
as well as the integration of the family 
was important for its success in meeting 
the impact of the depression. The re- 
study of cases by the use of a rating 
scale and statistical methods shows that 
the adaptability of the family is much 
more important than integration in meet- 
ing a crisis such as the depression. In 
fact, when the factor of adaptability is 
held constant integration shows only a 
zero correlation with success in meeting 
the depression. This finding does not 
mean that integration played no part in 
adjustment to the depression, But it does 
indicate that only: those elements in in- 
tegration which made for adaptability 
aided the family in meeting this crisis. 


It follows, in all probability, that the 
adaptability of the family and its mem- 
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bers in meeting changing situations pro- 
vides the key to the future of the family. 

That is why no tears should be shed 
over the loss of the historic functions of 
the family. They are a case of good rid- 
dance of old rubbish. Their disappear- 
ance allows the family to concentrate 
upon its essential functions, namely, 
affection-giving, the bearing and rearing 
of children and their informal education 
which can be and often is far superior to 
the education of the best schools. 

The emancipation of the family from 
the in-laws and the mores frees it to sub- 
stitute science for custom in the shaping 
of marriage and of family relations. 

Already in one large area of family 
behavior tradition is in the discard and 
science is supreme. Children are now 
being reared by intelligent parents not 
as they were brought up by their parents 
but according to the advice of the 
pediatrician, the psychologist and the 
psychiatrist. The more intelligent the 
parent, however, the more he takes the 
advice of the specialist with a grain or 
more of common sense. The significance 
of this change cannot be over-emphasized. 
It means a revolution in our thinking and 
our way of life. 

Signs are multiplying that this reliance 
on science first evidenced in child rearing 
is spreading rapidly to other areas of 
family behavior. Courses on education 
for marriage and family living are now 
being given in colleges and universities, 
in high schools and in programs of adult 
education. Most significant in its impli- 
cations for the future is the mounting 
demand of college students for courses in 
preparation for marriage. Marital counsel- 
ing services are being set up to give in- 
formation and advice to couples before 
and after marriage. Young people are 
eager to obtain the latest findings of 
scientific research which may be of as- 
sistance to them in marriage and family 
relations. 

Those who see the golden age of the 
family in the past and would seek to re- 
turn to the large patriarchal family or 
some substitute for it are fighting against 
the trend of the times. Le Play was 
wrong when he thought the old stable 
French family “famille souche” (the 
stem family) could be restored. Marshall 


Social Science—1942 Meeting 


Petain will fail in any similar attempt. 
Sorokin is mistaken when he believes 
that the contractual state of family rela- 
tionships can or will be revived. Hitler 
and Mussolini are engaged in a losing 
battle in their reactionary efforts to turn 
back the hands of time. The trends of 
family life can only temporarily and not 
permanently be thrown into reverse. 

Many at present are pessimistic about 
the effects of the war upon the family. 
Certainly marriage and the family will 
be subjected to great stress and strain. 
Without question every effort should be 
made to protect the family in this period 
of crisis. But the general effect of this 
War for Survival as of World War I will 
be to speed up the changes taking place. 
The greatest gain in my judgment will 
be in the increased status of woman 
brought about by her achievement of 
more of the substance of equality with 
man to square with the appearance of 
equality with which she has been all too 
satisfied. 

There is no evidence that family life 
of today is less happy than in the past. 
Even the increase in the divorce rate 
may in the total accounting represent a 
net gain of happiness since the dissolu- 
tion of an unhappy union may con- 
tribute its part to net gain in happiness. 
In fact, there is some evidence that the 
city family as representing future trends 
is on the whole happier than the rural 
family which retains more of the char- 
acteristics of the past. A White House 
Conference study of “The Adolescent in 
the Family” revealed that on the average 
the rural child was less well adjusted 
than the town or city child. Studies in 
marital adjustment seem to indicate a 
larger proportion of rural than urban 
families clustered around average hap- 
piness with smaller percentage at the 
very happy and very unhappy extremes 
of marital happiness. These findings 
taken together seem to show not only the 
present status but the future promise of 
greater family happiness in the emerging 
type of family united by the subtle in- 
tangible but binding ties of affection, 
congeniality, and mutuality of interest, 
adaptable to changing conditions, and 
utilizing scientific knowledge with intel- 
ligence in the solution of its problems. 
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FEDERAL REGULATION OF BUSINESS ENTERPRISE 
V. D. JOLLEY 
Wheaton College, Wheaton, Illinois 


It is obviously beyond the scope of this 
paper to present an exhaustive exposition 
of the subject of federal regulation of 
business enterprise, or even to summarize 
the Constitutional, statutory, and admin- 
istrative provisions for such regulation. 
The purpose therefore will be to present 
a few observations which I have made 
during a recent study of a large number 
of federal regulatory measures. These 
observations will be presented under two 
following headings: (1) The Changing 
Concept of Federal Regulation, and (2) 
The Broadening Bases of Federal Regula- 
tion. 


I. The Changing Concept of Federal 
Regulation 


The word “regulate” is found in the 
Commerce Clause of the Constitution. 
This empowers Congress “To regulate 
Commerce with foreign Nations, and 
among the several States, and with the 
Indian Tribes.” This clause has not been 
modified by amendment; but there is rea- 
son to believe that its connotation has 
been changed by construction, or usage, 
with the passage of time. The popular 
concept of the term within recent years 
has been that of restriction; but to one 
who is familiar with the history of our 
early years it is inconceivable that the 
members of the Constitutional Convention, 
meeting in the fall of 1787, should have 
contemplated the imposition of restric- 
tions upon the struggling infant indus- 
tries of their time. Nor is it likely that 
many, if any, of their number possessed 
sufficient vision to anticipate the prob- 
lems and difficulties which would emerge 
with the development of large-scale in- 
dustry, and the consequent need for 
restrictive measures. It is therefore 
reasonable to assume that they intended 
the word regulate to mean only promote. 

There is evidence to support the view 
that the purely promotive concept of 
regulation prevailed for many years. 
During the debates attending the passage 
of the Interstate Commerce Act, in 1887, 
such able lawyers as Senator Evarts, of 


New York, a former Attorney-General of 


1 Article I, Section 8, Par. 3. d 
2Cullom, S. M., Fifty Years of Public Service, p. 230. 
3223 U. S. 1, 47 (1912). 


the United States, contended that the 
regulatory provisions of the Interstate 
Commerce Act were un-Constitutional be- 
cause they were restrictive rather than 
promotive of the industries affected, 
But the restrictive provisions of the act 
were subsequently upheld by the Supreme 
Court in numerous decisions. Gradually 
the public adopted the restrictive concept. 
In 1912 the Supreme Court, in the Case 
of Mondou v. New York, N. H. & H. Ry. 
Co.,° construed the term to mean “to 
foster, protect, control, and restrain, with 
appropriate regard for the welfare of 
those who are immediately concerned and 
of the public at large.” 

This definition recognizes both the 
promotive and restrictive concepts and 
suggests the type of regulation which 
seems to be evolving, namely, that of 
government participation. To all intents 
and purposes the federal government is a 
participant in the operation of the rail- 
roads. So close and continuous is the 
supervision of the Interstate Commerce 
Commission over the carriers subject to 
its jurisdiction that they have acquired a 
quasi-public character, even though they 
remain nominally as private enterprises. 
As the scope of federal authority over 
business enterprise increases, it is not 
unlikely that the term federal regulation 
will come to be synonymous with federal 
participation. In this connection it might 
be observed that the term participation is 
more apt than the term regulation if 
there is a sharing of responsibility be- 
tween the industries and the government. 


II. The Broadening Bases of Federal 
Regulation 


Strictly speaking, there are only two 
Constitutional bases for the federal 
regulation of business enterprise. These 
bases are found in the Commerce Clause, 
previously quoted, and in the final clause 
of Article I, Section 8, which empowers 
Congress to make all laws necessary for 
carrying out the powers’ expressly 
granted to Congress or to any other de- 
partment or officer of the federal govern- 
ment. 
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It is of interest to note, in passing, 


that the Commerce Clause remained 
practically unused during the century 
following the adoption of the Constitu- 
tion, the Interstate Commerce Act being 
the first significant statute based upon it. 
The Interstate Commerce Commission in 
its first annual report to Congress dis- 
cussed the long delay in applying the 
provisions of the Commerce Clause, and 
gave as its explanation “the slow expan- 
sion of interstate trade.’* 


There could be little question as to the 
propriety of regulating interstate car- 
riers and communication systems on the 
basis of the Commerce Clause. But grad- 
ually the definition of interstate com- 
merce was expanded to include industries 
auxiliary to interstate carriers, and later 
to include firms whose products were in- 
tended to be sold outside the state in 
which they were produced. Statutes such 
as the Fair Labor Standards Act,’ 
popularly known as the Wages and Hours 
Law, are typical of this tendency to bring 
within the federal jurisdiction activities 
which can be called interstate only 
under the most liberal construction. 


The implied powers of Congress pro- 
vide a basis for the indirect regulation of 
business enterprise. The economic ac- 
tivities of the federal government have 
always had their impact upon private en- 
terprise. But recently advantage has 
been taken of this fact for the purpose of 
inducing private enterprisers to conform 
to certain standards of business conduct 
set up by Congress or some federal 
agency. The Walsh-Healey Act of 1936 
is typical. It provides for the withhold- 
ing of all contracts exceeding in amount 
$10,000 from contractors who fail to ob- 
serve specified requirements relative to 
the wages, hours, and working conditions 
of their employees; and it provides severe 
penalties for violations. While such pro- 
cedures were certainly not contemplated 
by the framers of the Constitution, they 
are accepted by liberals as being in keep- 
ing with the spirit of the Constitution. 

National emergencies provide occasion 
for the extension of federal control on 
the basis of the implied powers, for un- 
der such circumstances governmental 
functions are expanded and redirected, 
thus increasing their potency as regu- 
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latory factors. The present state of war 
has necessitated the rigid regulation of 
many industries by the federal govern- 
ment, not merely by means of positive 
and negative incentives, but through ex- 
ecutive orders. Such regulation is in 
many instances necessary for the success- 
ful prosecution of the war, and is there- 
fore justifiable. But experience has shown 
that powers exercised in an emergency 
are with difficulty relinquished by the 
government when the emergency has 
passed. 

In the exercise of some of the express 
or implied powers it has been discovered 
that regulation of business enterprise may 
be achieved where it might not be pur- 
posefully undertaken. For example, in 
the exercise of the taxing power it is 
possible to accomplish a regulatory end, 
even though a tax imposed for the obvi- 
ous purpose of regulation would not be 
allowed by the Supreme Court.* Thus, a 
penalty, or regulatory tax, on oleomar- 
garine was upheld by the Court on the 
ground that a Constitutional function of 
government (taxation) must not be de- 
feated on the ground that its effect would 
be regulatory. But in a later case’ it was 
held that if the statute gave evidence on 
its face that its purpose was to achieve 
an un-Constitutional regulatory effect, the 
statute would not be enforceable. 

Again, the taxing power has been used 
to effect general economic changes which 
have a direct bearing upon business en- 
terprise. Through a proper use of this 
power in the establishment of rates and 
incidences of taxation it is possible to 
induce a redistribution of wealth or in- 
come which will materially affect private 
enterprises. This power was greatly im- 
plemented by the Sixteenth Amendment, 
on the basis of which progressive income 
taxes are possible. 

Tracing the development of federal con- 
trol one cannot but be amazed at the 
manner in which the Constitution may be 
made to apply where regulation is de- 
sired. This at once constitutes a basis 
for optimism and a basis for fear. It is 
the responsibility of political scientists, 
sociologists, and economists to use their 
influence to see to it that these enlarged 
Constitutional powers are not abused. 


*I. C. C., Annual Report, Vol. I, (1887) p. 2. 


904). 
(1922). 


®52 U. 8. Stat. 1060ff (1938) 


* McCray v. United States, 195 U. 8. 27 (4 


*The Child Labor Tax Case, 259 U. 8. 
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CHICAGO AND THE DOWN STATE 


WILLIAM BooTtH PHILIP 


Bradley Polytechnic Institute, Peoria, Illinois 


Keep awake, Peoria. Chicago will not give 
up. They are only getting their fight 
started. Get a few shots more into Wash- 
ington before Chicago catches Peoria with 
its clothing disarranged so it cannot stand 
at parade with a presentable condition.’ 


‘I have already learned,’ said Anthony 
(Cook County) ‘that when gentlemen wish a 
thing to be beaten, they only have to raise 
a hue and cry against Chicago, and down it 


goes. I have never seen such prejudice and ° 


malice exhibited against any region as has 
been exhibited by some gentlemen here 
against Cook County. The animus exhibited 
this morning seems to me unworthy of this 
convention.”* 


‘I am just as proud of that great city as 
any gentlemen upon the floor can be,’ ex- 
plained McCoy (Whiteside County), ‘al- 
though I believe it has become a nice ques- 
tion, whether the city of Chicago is in the 
State of Illinois, or the State of Illinois is in 
the city of Chicago. I believe that depends 
on whether you live in Chicago or not.’ 
(Laughter. )® 

These selections, dated 1942 and 1869 
bind together a series of intermittent 
struggles which have disturbed Illinois 
leaders for over seventy years. Much 
like they reputedly do about the weather, 
many people talk about the situation, but 
do nothing about it. 

This paper grows out a study recently 
completed’ at the University of Chicago 
which tried to answer three questions‘ 
regarding Chicago—Down State relation- 
ships. Its chief sources were: Constitu- 
tional Debates and Proceedings; House 
and Senate Debates’ and Journals; Rec- 
ords of the City Council of Chicago, Sani- 
tary District of Chicago, and Board of 
Commissioners of Cook County; publica- 
tions of committees; newspapers; and 
personal interviews made over a period 
of sixteen years by the writer. 

A method of approach gave some trou- 
ble. The first task was, to define the 
term conflict—which finally meant a per- 
sonal, conscious, spasmodic, but rather 
recurring struggle for individual or sec- 
tional advantage which has appeared fre- 
quently between persons residing in the 
two areas here designated, Chicago and 
the Down State; next, evidences of such 
conflict, and the reasons for the same 
had to be found. Committee and or- 
ganization® reports provided some proof. 


Constitutional Convention and legislative 
debates gave other clues. Newspaper ac- 
counts furnished useful information. The 
duty of verification followed. Votes by 
counties cast in legislative bodies by dele- 
gates and representatives were recorded 
on maps of Illinois and studied for evi- 
dence of conflict existing between Chicago 
and the rest of the State. Personal in- 
terviews were made as another means of 
possible testimony as to the findings. 

Before these are discussed, a little 
orientation may be necessary. Illinois 
entered the union in 1818. Much of the 
credit belongs to pioneers who migrated 
from Kentucky, North Carolina, Ten- 
nessee, Virginia, and entered the State 
from the South. Later, settlers came 
from Maryland, New England, New York, 
Pennsylvania, remaining for some time 
in the northern part of Illinois. These 
two cultures were enriched by a third 
contribution, made by emigrants from 
Ireland, Germany, and other foreign 
countries." According to students of our 
history, residents of northern and south- 
ern Illinois mingled little before the sec- 
tions were bound together (1856) by the 
Illinois Central Railroad. Meantime, 
Chicago was growing. Her population 
of 350 in 1833 increased to almost 300,000 
by 1870. 


Other changes are worthy of note. Prior 
to the year 1900 Illinois was a rural state, 
but the Federal census of that year 
showed that 54.3 percent of the popula- 
tion lived in urban areas. Of these, 64.9 
percent resided in Chicago. Thirty years 
later (1930) only 26.1 percent of the 
State’s inhabitants were classified as 
rural, while 59.9 percent of an urban 
population of 73.9 percent lived in the me- 
tropolis. These factors may explain: 
why certain rural-rurban attitudes have 
persisted in Illinois from the beginning: 
why these attitudes came more ag- 
gressively into conflict with urban- 
metropolitan ideas; and why certain 
Illinois cities tended to unite more closely 
since the year 1905,* when they began to 
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recognize that they had common wants 
which might, if they united, be satisfied 
partially by legislative action. 

Thus the historical, cultural, and eco- 
logical threads were at hand with which 
to weave the fabric of sectionalism. 

The searcher, for two reasons, was 
early disappointed. First, before the 
Constitutional Convention convened (1869- 
70), sectionalism was more a conflict 
waged between northern and southern 
Illinois than one carried on between Chi- 
cago and the Down State. Second, sec- 
tionalism between the latter, although 
emerging in over one hundred conflicts, 
was found to be of a more prosaic char- 
acter than that which had fascinated the 
student of sectionalism in America. 

For the sake of clarity, the writer in 
the study has followed each class of con- 
flict historically. But it must be ac- 
knowledged that this type of approach 
places the reader at a decided disadvan- 
tage, for one is apt to think of these 
usual biennial disturbances as rather sim- 
ple affairs. Thus it very often has oc- 
curred to the writer that the study might 
have been better understood if it had 
been entitled “An Intertwining of Con- 
flicts From the Year 1870,” for on several 
occasions various conflicts have clashed 
together in the same legislative session, 
pushing emotions to a high pitch. Dur- 
ing these periods much bad feeling was 
evident, threats were hurled from one 
side of the house to the other, legislation 
was slowed down, and often most of the 
session was one of conflict and uncer- 
tainty, with occasional compromises. A 
study of Convention journals, Chicago 
and Down State newspapers, and the re- 
port of votes set forth in legislative pub- 
lications serve as proof of this situation. 


The legislative session held in 1927 
when Small was Governor of Illinois and 
Thompson became Mayor of Chicago is 
one example of the point made above. 
Before the session was six weeks old, 
Hunter (Winnebago County) introduced 
a gasoline tax bill, and six attempts, three 
intended to limit Chicago, were made to 
deal with the apportionment problem. 
Later two more gasoline bills, two income 
tax measures, and a bill by Kessinger 
(Kane County) designed to regulate the 
Chicago Board of Trade, were presented. 
Further, the senate received on May 17 
from Chicago five transportation and 
eighty-seven finance measures. This situ- 
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ation became more complex because three 
Chicago representatives wanted their fav- 
orite intoxicating liquor bills passed into 
law during the session. The occasion 
was so tense that Mayor Thompson ap- 
peared before the senate and Chicago 
newspapers not only accused the Small- 
Thompson machine, but also the farmer 
members of the Legislature of being “all 
set to trim” Chicago. Senator Denvir of 
Chicago protested against the treatment 
his city had received and introduced a 
motion that Illinois be formed into two 
states: one, named Northern Illinois, con- 
sisting of Cook, Will, DuPage, Kane, Lake, 
McHenry, DeKalb, and Boone Counties; 
another, called Southern Illinois, compris- 
ing the rest of the state.” The plan died 
in committee. 

The final report showed that the board 
of trade, income tax, representation, 
transportation and liquor bills had failed 
in the Legislature, while the gasoline tax 
bill and seventy-eight Chicago tax meas- 
ures were signed by the governor.” Such 
is the history of a legislative session 
which gave ample opportunity for Chi- 
cago-Down State conflict. The Chicago 
Tribune saw “eighty-one perjurers” in 
the legislature. 

Since 1870, Chicago and the Down 
State areas have disagreed on the follow- 
ing major topics: representation; home 
rule for Chicago; the waterway and the 
Chicago Drainage Canal; internal im- 
provements; the judiciary; the wet and 
dry issue; taxation; and the State’s de- 
sire to build certain State buildings in 
Chicago. Of these, representation, home 
rule for Chicago, and taxation remain 
live issues perplexing to law makers. The 
depression added new elements; poor re- 
lief and the method of raising funds to 
meet it, and Chicago’s depression needs 
as compared with the wants of other 
areas. Besides, Illinois has a Chicago 
Governor.” 

Since this paper must be in condensed 
form, only one problem—representation— 
is discussed at length. On the surface 
this question seems to be a constitutional 
one, but at its foundation the issue ap- 
pears to be one of control; a struggle for 
power based on the section and having 
within it the elements often ascribed to 
“power politics.” 

In 1870 the State population was over 
two-and-one-half million with about 300,- 
000 persons living in Chicago. Then Cook 
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County had seven representatives in the 
lower house at Springfield and conse- 
quently was allowed seven delegates in 
the Constitutional Convention (1869-70). 
There a conflict occurred over the prob- 
lem of representation. Down State 
wanted a county basis for apportionment 
while Chicago-Cook insisted on a popula- 
tion plan. Chicago won because she had 
excellent leadership. In the legislature 
which followed, despite sectionalism, 
Cook County was allowed seven senators 
and twenty-one representatives, a substan- 
tial increase over the previous allotment. 

The Constitutional provision, accepted 
1870, calls for an apportionment every 
ten years based on the Federal census. 
The Illinois legislature is required to 
divide the population of the State by 
fifty-one, thus providing a quotient which 
will be used in determining senatorial 
districts. Each such district is assigned 
one senator and three representatives, 
latter to be chosen by minority represen- 
tation. The Constitution provides that 
“senatorial districts shall be formed of 
contiguous and compact territory, bounded 
by county lines.” This plan has two ob- 
vious weaknesses: first, apportionment is 
a legislative matter; second, with popula- 
tion moving elsewhere, many areas in the 
State lack direct representation.” 

The last senatorial apportionment was 
made forty-one years ago (1901). Before 
that date Chicago was criticized, but 
Down State party leaders needed Chicago 
party votes in order to reapportion the 
State along party lines, so the metropolis 
received its quota of representatives in 
both houses.” Since that date, apportion- 
ment has been the major issue in Chi- 
cago-Down State sectionalism, and the 
constitutional provisions have been 
ignored. 

Since 1903 Cook County has been able 
to control such legislation as requires a 
two-third vote of the membership of both 
houses before final passage, for that 
county sends nineteen senators to an 
upper house numbering fifty-one and 
fifty-seven representatives to a lower 
house consisting of one hundred fifty- 
three members. 

Down State leaders have been willing 
to give Chicago more home rule in purely 
local affairs on condition that the latter 
accept a limited membership in the leg- 
islature. Such limitation would restore 
the two-third voting strength in one or 


both houses to the Down State area. The 
record of the Constitution Convention 
held during the years 1920-22 prove this 
point. 

Two illustrations, one political, the 
other sectional, are given to substantiate 
the statements made above. The demo- 
crats had apportioned and gerrymandered 
the State (1893) making use of the gag 
rule and the sick and ignoring the dead 
in order to do it. Two bills were passed 
before the task was completed because 
Riverside (Cook County) had been omit- 
ted from the first measure. Down State 
democrats needed three Chicago votes in 
order to carry through the proposal 
which in turn increased Cook County’s 
strength in the legislature by 50 per 
cent.* Illinois republicans were not sat- 
isfied, for since 1857" that party had car- 
ried the State. Two courses, however, 
were still open: perhaps the court would 
declare the law unconstitutional; if not, 
party success at the following state elec- 
tion would give republicans an oppor- 
tunity to pass a new reapportionment bill. 
The first plan was tried, but the judges 
(1895) held the act unconstitutional. Next 
year (1896) the republican party carried 
the state. 

Again in power, the latter was de- 
termined to pass a senatorial reapportion- 
ment bill even though Attorney General 
Akin advised against the procedure. The 
first attempt (1897) failed because the 
republicans did not vote unanimously. A 
party split in Chicago was given as the 
reason.” Dismayed but resolute, repub- 
licans caucused at Springfield, heard Gov- 
ernor Tanner exhort them in a doleful 
message, and determined to try again. 
The Governor called a special session of 
the legislature and in his message showed 
the gravity of the situation from a party 
point of view. Republican representatives 
obeyed by passing a new apportionment 
bill,” later the state Supreme Court de- 
clared the act unconstitutional.” 

The sectional conflict over representation 
reached its zenith in the years 1925-26. 
Political leaders and newspaper writers 
made much of the issue. Slogans, a tax 


revolt, threats of secession, and a manda- 
mus of the legislature all entered into 
the picture. The issue became immeshed 
with such problems as daylight saving, 
public utilities, a gasoline tax, prohibi- 
tion, and the failure of the legislature to 
remove the county jail and criminal 
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courts from Dearborn and Illinois Streets, 


Chicago. Chicago newspaper headlines 
read: “Tyrranizing over tho City;” “Or- 
ganizing the State Against Chicago;” “A 
Sample of Oppression;” “Tax Action 
Without Representation.” Three stal- 
warts, two from Down State, former Gov- 
ernor Joseph W. Fifer and the Honorable 
Lewis A. Jarman, appeared before the 
legislature arguing for the Down State 
proposal that Chicago be limited; the 
third, John B. Fergus “the eighty-two 
year old fighting Chicagion” defended his 
city at Springfield. While the legislature 
failed to limit the metropolis at this ses- 
sion, the Schnackenberg (Chicago) mo- 
tion that the House proceed to a reap- 
portionment of the state along constitu- 
tional lines received only five votes from 
counties other than Cook.” 

Chicago aldermen advocated that Chi- 
cago secede from the State of Illinois and 
instructed Corporation Counsel Busch to 
outline the legal steps in the process. 
Mayor Dever (Chicago) appointed a com- 
mittee whose business was “to secure con- 
stitutional apportionment for Cook 
County” so talk of secession subsided for 
a time. The Hamilton Club of Chicago 
selected a committee of seven, represent- 
ing both opposing sections of the‘ state, 
whose duty it was to find a solution to 
the reapportionment problem on the basis 
of “sober and intelligent thought.” This 
committee favored a compromise between 
the sections. Fergus carried the fight to 
the Supreme Court of Illinois and finally 
to the United States Supreme Court. The 
courts refused to interfere in what the 
judges considered a legislative problem.” 
Today the issue—representation—re- 
mains in the realm of conflict. 

As mentioned above, ecological changes 
have forced Illinois leaders, at times, to 
cooperate on certain issues. Representa- 
tion is one of these. A study of fourteen 
divisions on that subject made during a 
thirty year period (1901-1931) revealed 
that Chicago had some cooperation from 
legislators representing thirty-five Down 
State counties.“ Peoria voted eight times 
with Chicago. 

When one searches for causes which 
brought about conflict between these areas 
one must keep in mind that the real 
reasons may remain in obscurity, while 
lies, truths, and past statements may be 
effectively used by persons who seek ad- 
vantages for themselves. With these 





Social Science—1942 Meeting 179 


thoughts in mind, two lists of causes are 
given in explanation of these periodic dis- 
turbances. 

Since Down State representatives have 
been more aggressive in dealing with the 
problems at issue, their reasons are given 
first. Expediency—‘“the end sought justi- 
fies the means”—is the most subtle argu- 
ment given by them for their persistent 
nullification of the Constitution. This is 
followed by three arguments: other states 
limit metropolitan cities—New York and 
others; the present system of representa- 
tion is virtual, not direct; the population 
method of apportionment should give way 
to one based on electors or citizens. The 
statement is then made that Chicago will 
dominate the state which means the fol- 
lowing: control by a unit; a city of one 
interest; a city which sends undesirable 
Chicago interested legislators to Spring- 
field; a city with a population of a size, 
type, and attitudes which are considered 
undesirable; a city of crime. Then fol- 
lows a most interesting argument: Chi- 
cago needs protection. 

Since Chicago leaders were on the de- 
fensive, they were content to put forth 
four reasons in justification of their at- 
titudes toward the Down State First. 
“Chicagoans object to discrimination giv- 
ing their city less than its proportionate 
representation in the legislature.” Said 
one, “In my opinion it will make a Mason- 
Dixon line out of the Cook County line.” 
Second, the Down State position is one 
of fear. Third, limitation deprives in- 
dustrial centers of representation, and 
gives control to areas which are decreas- 
ing in population. Fourth, Chicago pays 
most of the state taxes. Leaders in both 
areas emphasize the idea of domination 
in speaking of the aims of the other party 
to the conflict. 

The following reasons seem to better 
answer the question as to why these 
areas have difficulty in cooperating. They 
are given as a result of the writer’s read- 
ing and questioning over a period of 
years: the ever-increasing size of Chi- 
cago; the parental attitude of Down State 
toward Chicago; fear of the growing 
city; desire for public office; methods em- 
ployed by politicians to secure votes and 
win elections; desire for control when in 
office; a busy press; lack of adequate 
knowledge; conflicting theories of govern- 
ment. Because Chicago lacks home rule 
she has easily been exposed to Down 
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State criticism; mere number of requests 
from the legislature, made necessary by 
constitutional procedure, have often pro- 
duced bad feeling through almost an en- 
tire legislative session; Chicago delega- 
tions failed to plan in advance for the 
work under consideration, thus giving 
Down State members a chance to say that 
they did not exactly know what the peo- 
ple of Chicago wanted; Chicago represen- 
tatives often disagreed among themselves 
and failed to act as a unit; they have 
been accused of lack of interest in the 
state as a whole. 

Other reasons have been given by Down 
State at different times, all of which were 
applied to Chicago: election frauds; fail- 
ure to collect taxes and pay school teach- 
ers; the large sums of tax money needed 
for relief purposes, despite the fact that 
the city was millions of dollars behind in 


2 Peoria Journal-Transcript, January 13, 
Speak. 


tax collections; the crime wave; Chicago 
has sent many mediocre men to the leg- 
islature. Chicago has been poorly ad- 
vertised at Springfield on important occa- 
sions by some of her most public-minded 
citizens, who in their zeal to reform local 
conditions in the big city have spoken too 
publicly at critical moments. To these 
may be added differences growing out of 
the cultural heritage of these areas. 

In its wider aspects the conflict may be 
called sociological and political. Sociolog- 
ically, the problem concerns the attitudes, 
the social heritage, and the aspirations of 
people; while politically, the problem in- 
volves theories of representation—popula- 
tion, county, and virtual—a subject which 
is joined with the desire for home rule 
and at times is augmented with the de- 
mand for a new constitution to replace 
the inadequate one accepted in 1870. 


1942. Rex Post, “Diversion” in The People 


* To Convention Debates, 1869-70, p. 1661. 


= Ibi 


* Does conflict exist between Chicago and the rest of the state? What subjects are re- 
sponsible for such conflict? What reasons lie behind the conflict? 


* House Debates, 1915, 1917; Senate Debates, 1915, 


1917, 1919. 


* Annual reports—Citizen’s Association of Chicago ; Federation Reports and Bulletins; 


Chicago Bureau of Public Efficiency publications; Legislative Voters League; 


Bulle Paes 
TA 


nois de Mes in the Convention. 


Assembly 


Cole (Editor), The Constitutional Debates of 1847, shows only seven native Illi- 


*Tilinois Municipal League became active about this date. 


* Ninety-four counties. 


* Only nine Chicago tax bills failed of passag 
Henry Horner (1933); others were Severties (1873) ; Altgeld (1893); Deneen (1905- 


1913) ; Dunne (1913) 


% Under the act passed (1901) the number has varied the lowest number being seventeen 
counties (1903 and 1907), and the areas. thirty-three ee and 1931). 


% See Senate and House Journals, 


1891, 1893, 


“Senate from 10 to 15; House from Hy to 45. 


* Governor Wm. H. Bissell. 


* The trouble seems to have occurred in the twelfth ward (third district) of Chicago 


where an “out group” was in control. 


7 Senate and House Journals, 1897 (Special). 


%* April 30, 1898. 


#% Clinton (Southern Illinois) ; Peoria, Will, Winnebago (partial support) ; DuPage. 
* Fergus V. Marks (1926) ; United States Reports, vol. 279 (19 


™ Clinton (3); DuPage (4): Macon (3); 
bago (4); Edgar (2); 


2 
adison (3); Peoria (8); Will (4); Winne- 


vlton (2): Lake (2 >): LaSalle (2); Marion (2); Mercer (2); 


St. Clair (2); Kane (2). Twenty others voted once. 
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HAMLET AND VILLAGE POPULATIONS IN ILLINOIS 


S. C. RATCLIFFE 


Illinois Wesleyan University, Bloomington, Illinois 


This paper is a report of four investiga- 
tions pertaining to Illinois hamlets and vil- 
lages. As measured by population, hamlets 
are communities with less than 250 inhabi- 
tants, while villages prt at least that 
number but less than 2,50 

1—In 1912 an article in The Journal 
of Political Economy contained a predic- 
tion that many of the then existing ham- 
lets and villages in Illinois would decline 
in population and disappear. This was 
based on the assumption that improve- 
ments in the means of communication 
and transportation would eliminate the 
need for as many small communities with 
their local business establishments as ex- 
isted. The aforesaid prediction has not 
been fulfilled so far as incorporated ham- 
lets and villages are concerned. This is 
proved by Bureau of Census records 
which show 922 incorporated hamlets and 
villages in Illinois in 1910 and 934 in 
1940. 

Incorporated hamlets and villages con- 
stituted only 44.4% of all hamlets and 
villages in 1930. From this fact it is 
clear that the validity of the prediction 
in question cannot be judged by data par- 
taining only to incorporated communities. 
Serious difficulty is encountered, however, 
when one undertakes a study of unincor- 
porated hamlets and villages for no pre- 
cise statistical data are available regard- 
ing them. In spite of this students have 
assembled such data as they could pro- 
cure. The most complete recent study of 
such communities in Illinois, so far as 
the author knows, was published in 1938. 
It reports that in 1930 the number of 
such places was 357 less than in 1910. 
This conclusion arouses curiosity about 
the source of information. When that is 
examined, one finds that what this recent 
study actually discovered was that in 
1930 there were 357 less unincorporated 
communities in Illinois that contained 
one or more business establishments rated 
by a national financial agency than was 
the case in 1910. But the disappearance 
of business establishments does not neces- 
sarily indicate the extinction of the ham- 
lets and villages in which they were lo- 





cated. The author of the study in ques- 
tion recognized and acknowledged this 
fact. No available evidence known to 
the author demonstrates the validity of 
the prediction that Illinois hamlets and 
villages would disappear as the means of 
communication and transportation im- 
proved. 


1l—The second investigation shows 
that a correlation, but not a direct causal 
relation, exists between the size of ham- 
lets and villages and the probability of 
their growth or decline. Larger percen- 
tages lose population each decade of ham- 
lets and small villages than of large vil- 
lages. Tests of this were confined to in- 
corporated hamlets and villages. These 
communities were classified under three 
categories, namely, places with populations 
of less than 500; of 500 to 999; and of 
1000 to 2499. The percentages of each 
class of community which lost population 
beginning with the largest are: 


For the decade 1920-1930, 46.4; 62.2; 
and 73.9. 

For the decade 1930-1940, 22.9; 22.4; 
and 39.5. 


The correlation postulated above was 
found to exist in an analysis of incor- 
porated hamlet and village population 
changes in 75.6% of 36 states for the last 
intercensal decade and in 86.1% of these 
same states for the decade 1920-1930. 
Size is not in itself a direct cause of 
population changes but the causes of 
population changes are, with a high de- 
gree of consistency, related to size, so 
that the smaller the place the more liable 
it is to lose population and the larger the 
place the less this liability. 


1—The third investigation was con- 
ducted to test the hypothesis that prox- 
imity to urban centers lessens the liabil- 
ity of hamlets and villages to lose popu- 
lation while remoteness from such centers 
increases that liability. Only incorporated 
hamlets and villages were considered. 
The investigation consisted of a study of 
six cities in Illinois selected on the basis 
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of size and distance from other competi- 
itve communities. Around each of these 
cities three concentric ten mile wide 
zones were marked and the number of 
hamlets and villages in each zone and 
the numbers of them which lost popula- 
tion during the last decade were counted. 
Communities were classified under four 
categories, instead of only three as in the 
last investigation, by making hamlets 
into one class and villages with popula- 
tions of from 250 to 499 inclusive, an- 
other. The assumption was that if the 
hypotheses were valid the percentages of 
communities which lost population would 
be greater in zone three, the most distant 
one, than in zone two, and greater in 
zone two than in zone one. Because 
communities were divided into four cate- 
gories this test could be applied to each 
category for each city and also to the 
totality of all communities for each city. 
This provided 30 opportunities to test the 
validity of the hypothesis. Four of these 
had to be discarded because of the lack 
of hamlets of certain categories in some 
of the zones. In only 7 instances out of 
26 did the percentages of communities 
which lost population increase with the 
distance from the urban center. In 19 
cases out of 26 no progression is ex- 
hibited. In other words, conformity to 
the criterion employed to test the validity 
of the hypothesis was found in only 27% 
of the tests, which means that in 73% 
of the tests the results were negative. 
Similar tests were applied to a study of 
5 cities in Iowa and to an additional 6 
metropolitan cities and with much the 
same results. In the tests for these 11 
cities conformity to the criterion was 
found in only 22% of, the cases, while 
78% were negative. 

From these facts we are forced to con- 
clude that proximity to urban centers 


does not lessen the liability of incorpo- 
rated hamlets and villages to lose popu- 
lation nor remoteness from such centers 
to increase such liability. 

1V.—The fourth investigation was to 
ascertain whether any significant corre- 
lation exists between the percentage of 
people on relief in Illinois counties and 
the growth or decline of the hamlets and 
villages in those counties. The five coun- 
ties which had the smallest percentages 
of their population on public relief in 
1940 were contrasted with the five coun- 
ties which had the largest percentages 
on public relief. 

In each of the five low relief counties 
a majority of the hamlets and villages 
gained population. However, in two of 
those counties the number that gained 
population was only one greater than the 
number that lost. In the other three 
counties the number that gained was a 
sufficiently large majority so that the per- 
centages of all hamlets and villages in 
the five low relief counties that gained 
population was 71.4%. In contrast, a ma- 
jority of the hamlets and villages in the 
high relief counties lost population, the 
percentage that gained being only 46.6% 
of the total. This seems to indicate that 


low relief is correlated with the village © 


growth and high helief with village de- 
cline. When losses and gains are studied 
by counties, however, the correlation dis- 
appears. All of the hamlets and villages 
in one of the high relief counties lost 
population while in another all of them 
gained. In two of the remaining three 
counties a majority gained while in one 
the majority lost. From these facts we 
conclude that no significant correlation is 
established between the percentage of 
people on public relief and the tendency 
for hamlets and villages to increase or 
decrease in population. 
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THE FATE OF THE FAMILY 


CLARENCE W, SCHROEDER 


Bradley Polytechnic Institute, Peoria, Illinois 


The family, like any other institution 
or a living organism, leads a double ex- 
istence. It has an internal life. Its in- 
ternal structure and functions must serve 
its own constituent elements. These 
elements, in turn, or the organization 
itself, play a role in relation to other 
elements, organizations, and institutions. 
The family has a life of interaction with 
them, a life observed as external. 

If or when one dares to speak of the 


| future of an institution, there is involved 


the entire social structure of which it is 
apart. Therefore, one’s task would seem 
to be the assessment of the entire cultural 
structure and functions, as well as the 
cultural patterns involved. 

The family is at once the creator, and 
is created by, the general cultural world 
of which it is a part. It has become 
common knowledge among sociologists 
that in the family are originated all of 
the essential elements of the personali- 
ties of its members, the basic elements of 
humanness. In Cooley’s phrase, the 
family is “essential to the genesis” of 
human nature. 

The truth of this basic conception has 
been amply demonstrated since it was 
first expressed in Social Organization in 
1909. There is evidence of two varieties. 
First, personality disorganization cannot 
be explained or understood fully without 
realization of the inadequate functioning 
of the family group of which the dis- 
organized personality is or has been a 
member. Second, the prediction of fail- 
ure or success of a particular marriage, 
although the technique is still in its in- 
fancy, has gone far enough at the mo- 
ment to demonstrate that cultural back- 
ground factors of each of the persons 
Marrying, form a cornerstone of predic- 
tion. The late Dr. Meroney demon- 
Strated, for "example, that there were 
three possible attitudes in the person 
coming from a home situation where ten- 
sion was predominant in the relations of 
the members. First, there was the pos- 
sibility that children growing up in such 





a condition would refuse to marry; sec- 
ond, they might accept the condition of 
tension as a pattern of behavior so that 
in marriage there would be a repetition 
of the conditions in the original home; 
third, there might be special effort to 
avoid tension. A former student con- 
fided to the writer that when she mar- 
ried there were going to be special pre- 
cautions taken against a repetition of the 
condition of tension which finally led to 
divorce in the family in which she had 
grown up. 

The principal constituent element fur- 
nished by the family in the production of 
personality is intimacy. The term in- 
timacy includes all relationships involv- 
jing. the entire family group. It is not 
limited to the physical and psychosocial 
intimacies of the sex act. The response 
function is a basic one. The family is 
the organization, the world over, which 
satisfies this desire. The form of the 
marriage over most of the earth’s surface 
is monogamous. It seems to be the form 
of organization that is especially well 
adapted to produce the personalities 
which, in turn, are best adapted to func- 
tion in a complex world. Most of the 
peoples of the world, the assumption is, 
are partisans of monogamy, and being 
thus partisan, we must observe with 
many misgivings the temporary and arti- 
ficial arrangements made in some of the 
totalitarian countries. It may be, how- 
ever, that when a young woman is per- 
suaded that her function in life is to 
produce babies for Der Fuehrer and that 
this is “much nobler, much grander, than 
having a home and a husband,” that 
better soldiers will be produced than we 
could with our type of family organiza- 
tions. 

Our conclusion must be drawn condi- 
tionally, therefore. If someone like 
Adolph Hitler does not succeed in organ- 
izing the world of the future, something 
like our form of the family will persist. 
Human nature will continue to be born 
in some sort of intimacy of relationship. 
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Indeed, one might go farther and ask if 
the family organization itself is not the 
principal reason why human beings will 
never find satisfaction in a totalitarian 
society. In intimate relationships there 
inevitably is an approach to equality. 
The universality of the demand for sat- 
isfaction of the wish for response leads 
one to wonder if there could be a long- 
range program based on totalitarianism. 
The experience which the Soviet Union 
has had in its experiment of complete 
freedom for members of the family would 
seem to be evidence on this point. 

This leads us directly to the-question 
of the relation of the family with other 
institutions. It would seem that the 
types of personality we produce in our 
families will tend to determine the nature 
of other institutions, particularly political 
and economic organizations. But these, 
in turn, will tend to determine the type 
of family organization. 

What is the general outlook for the 
future, assuming that there is anywhere 
sufficient wisdom to make an intelligent 
guess? Pitirim Sorokin has spoken re 
cently to the question in The Crisis of 
our Age. His argument has been re- 
viewed both favorably and adversely. 

It must not be assumed that Sorokin 
is entirely pessimistic with reference to 
the future of the family, for in one place 
he says, “Genuine contractual relation- 
ships—not fictitious ones—can and will 


eventually be restored.” In another place 
he expresses his faith that society will 
enter upon a “new, integrated, stable, 
orderly, and creative phase of its ex- 
istence.” In spite of the dark picture 
which this author paints of the transition 
through which society is passing, he be- 
lieves that the conceptions set forth are 
among the most optimistic concerning 
“socio-cultural change.” 

Right or wrong in detail, we shall have 
to agree with Sorokin that there are 
forces operative over which even the dic- 
tators have little or no control. They 
themselves are to be explained as prod- 
ucts rather than as originators. 

If there should come about an idea- 
tional or idealistic culture as Sorokin in- 
sists that he is optimistic enough to 
believe, then there will persist a family 
not greatly different from the type which 
we now have. It might even be that the 
evidences of family mal-functioning, such 
as our high divorce rate, would to some 
extent disappear. There will be predom- 
inant in such a culture values that 
Sorokin calls “absolute.” One of these 
absolute values will be a recognition of 
the preponderant importance of human 
personality. If this is to be a value of 
the future and personalities find their 
genesis in the family, then the institu- 
tion which, more than any other satisfies 
the need for intimacy of relations will 
continue to be of predominant importance. 
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Theoretically, two things can happen 
to the family: it can remain very much 
the same as it now is in our society, or 
it can change. If it changes, it can change 
in either of two directions: it can lose 
its importance as a social institution, 
even gradually disappearing and being 
replaced by other institutions, or it can 
grow stronger and socially more signifi- 
cant. 

An examination of our culture and its 
development indicates that the family 
ean hardly be expected to remain as it 
is. In an age when practically everything 
is in flux, even the basic moral codes of 
our society, it is useless to think long 
of a far-flung institution like the family, 
which touches practically all phases of 
our lives, remaining isolated from the 
process of change. Then, again, if we 
use the experience of the past as a guide, 
the family may be expected to undergo 
changes inasmuch as changes havé oc- 
curred in its nature and function in re- 
cent decades, these changes continuing 
even into our present time. 

The facts of changes themselves, as 
well as the direction of these changes in- 
dicating somewhat the future fate of the 
family, may well be reviewed briefly in 
support of the statement that changes 
have taken place in the family and are 
still in progress. The significance of 
these changes for the future of the family 
will also be of interest. 

One of the most evident changes in 
the last century is the transfer to other 
institutions of functions previously per- 
formed by the family. The industrial 
factory has largely taken over the making 
of cloth and of garments, the laundering 
and repair of clothing, the canning of 
foods and the baking of bread and pas- 
tries, and to some extent, the cooking and 
serving of meals, all of which were form- 
erly the almost exclusive function of the 
family in its own home environment. 
The family has changed industrially from 
&@ production to a consumption unit. 

What does this transfer of industrial 
Production mean to the family? Some 
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IS THE FAMILY PASSING? 


B. F. Timmons 


University of Illinois, Urbana, Illinois 


have feared that it means a definite step 
toward the ultimate dissolution of the 
family. An examination of the facts in- 
dicates that the transfer has meant that 
cloth, lint, looms and other materials 
with their noise and clatter have been 
taken out of the home to modern fac- 
tories built, for the most part, to perform 
the work of manufacture under better 
lighting, ventilating and sanitary condi- 
tions than the home affords. If the in- 
creased leisure time provided by this 
transfer can be filled with cultural and 
wholesome recreational activities in the 
home, the change is a definite gain for 
the family in this respect. There is one 
way, however, in which the bonds of the 
family are weakened by this shift. The 
members of the family in our grand- 
parents’ day worked together very much 
as an industrial unit and were in con- 
stant close communication because of this 
fact. Unity of belief and attitudes among 
the family members was a natural result 
of this close association. On the other 
hand, members of the family of today 
often scatter widely in attending to their 
various duties and activities and usually 
come in contact with beliefs and attitudes 
which are very different from those of 
the family. Adoption of different view- 
points in this natural course of associa- 
tion leads to greater disharmony in the 
family than was true in former decades. 
I may point out here also, that this ex- 
posure to different viewpoints has some 
beneficial effect when it breaks the bonds 
of narrow prejudices which so often 
thrive in the isolated soil of a close 
family unit. While industrialization has 
broken the unanimity of family attitudes 
and opinions, it has also paved the way 
for greater tolerance of new viewpoints 
and thus for cultural change and progress 
in general. It is evident that the rural 
family which still works as a single in- 
dustrial unit to some extent is less af- 
fected by the transfer to industry than 
is the urban family, although power 
farming, good roads, the auto and the 
radio are tending to close the gap of any 
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such difference between rural and urban 
families. 

In a somewhat similar manner the 
family has been affected by the transfer 
of religion from the home to the church, 
of formal education from the home to the 
school, and of recreation to commercial- 
ized recreation agencies. But insofar as 
these new social institutions perform 
their tasks more effectively than the 
family did, the family is merely relieved 
of these functions and is free to replace 
them with added family services and en- 
joyments. Actually, the school is prob- 
ably the only one of these three types of 
agencies which is doing better work with 
its assignment than was being done in 
the family. It does its work so well 
largely because it took over only the 
formal side of education to which it is 
adapted, leaving the informal part still 
chiefly in the hands of the family. 

Religion seems to have gotten lost to 
a considerable degree somewhere in the 
transfer from the family to the church, 
and commercial recreation, although im- 
proving in recent years, leaves much to 
be desired in comparison with the home 
and neighborhood recreation of the age 
just past. While public community rec- 
reation is assuming a new and increas- 
ing role that has definite family value, 
one wonders if there is not still lacking 
to a considerable extent in both public 
community and in commercialized recrea- 
tion the personalized element that made 
the family recreation of the past so satis- 
fying to the individual. Family days at 
church and family picnics in parks and 
playgrounds are illustrative of construc- 
tive family activities since the transfer 
referred to has taken place. 

The functions vet left to the family are 
the rearing of children and the emotional 
satisfactions of affection among its mem- 
bers. Because the family has so few of 
its earlier functions remaining, there are 
those who fear the family is passing to 
an unimportant and insignificant position 
among our social institutions. This view- 
point fails to take into account two very 
important facts. In the first place, the 
new conditions of society, especially the 
vast increase of anonymity and imperson- 
ality of relationship, have given greater 
emphasis to the need for affectional re- 
sponse of individuals on the personal 
basis of family life so that the remaining 
functions of the family, affection and 


child-rearing, have greatly increased in 
relative importance. In a desert world of 
anonymity and personal indifference, the 
family is the one remaining oasis of per- 
sonal relationship, solicitous attention, 
and affection. It is quite possible that 
this affectional function of the family has 
already assumed such major importance 
that it not only overshadows the other 
earlier services largely transferred to 
other social institutions, but that it gives 
such present significance to the family as 
to make it more important than before. 

The second fact to be remembered is 
that many of the functions, given up by 
the family have left more time and space 
for the family to concentrate its efforts 
on those peculiarly vital functions that 
remain to it. 

The increasing number of divorces and 
separations of married couples has wor- 
ried many people interested in family 
life. It seems likely that these separa- 
tions denote increased emphasis on the 
emotional element in marriage inasmuch 
as couples separate when they are emo- 
tionally disappointed in marriage. Form- 
erly, unhappy couples were generally 
bound to stay together because of the 
economic dependence of the wife and the 
expectation of the mores of society. But 
persons who separate today remarry. The 
proportion of the population married was 
never higher than today. 

The present status of the family seems 
then to be that family life is more de- 
sirable than ever before, but persons 
undertaking the establishing of family re- 
lationships must find these relationships 
emotionally satisfying or they will sever 
them in the hope of making other and 
more satisfying attempts. The transfer 
of certain functions has meant that the 
family has changed, but it has not be 
come less important. 

The family has changed also with re- 
spect to authority. The patriarchal fam- 
ily rule has been giving place to equali- 
tarian practice. Whereas, a century ago 
in this country a wife was legally a de- 
pendent of her husband, was denied ad- 
mission to colleges, was not permitted to 
vote, and had very little voice in de- 
termining her own life much less that 
of her family, today all this has changed. 
Formerly husbands divorced wives but 
wives seldom divorced husbands, while 
wives today make the applications for 
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divorce against their husbands in about 
70 per cent of the divorce cases.* 

This increasing freedom of women no 
doubt contributes to the breakup of in- 
dividual families which are not satisfac- 
tory, particular to wives. As cited above, 
however, this does not mean a decline of 
of the family as an institution so long 
as remarriage keeps the total per cent of 
married persons higher than it was be- 
fore the change took place. It must also 
be borne in mind that marriage and 
family life that is maintained on a free 
and voluntary basis because people care 
for each other is a higher type of family 
relationship than that which is enforced 
by economic necessity as was true in 
many cases of the period previous to the 
present day. 

Still another change in the family is 
the decrease in the number of children. 
The average number of children in the 
present day family is less than half that 
of a century ago, and the trend is for 
still further decrease. This is probably a 
greater hazard to society as a whole than 
it is to the family institution itself. 
Family life may go on even with an 
average of one child per family, but 

1 Bureau of the Census, U. 
?See Folsom, J. K 


* Myrdal, Alva, Nation and se 
Population Policy, Harpers, 1941, p. 


S. Department of Gommeree. 
U. S. Government prising ‘Office, Washington, D. 
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population rapidly decreases on such a 
propagation rate. It appears that family 
limitation at present is affecting most the 
middle class of American society. Here 
young couples anxious to maintain their 
standard of living forego children until 
they become established in business or 
in a profession.2 Then they settle with 
nature by having one child. It may be 
that Myrdal’s criticism of birth limitation 
in Sweden has some appropriate applica- 
tion in America when it is said Sweden’s 
radicalism, attempting “to adjust the size 
of the family to social malformations, did 
not materially readjust the malformations 
but led in the direction of extinguishing 
the human content of society." The 
problem involved in the decrease of the 
size of the family concerns society prob- 
ably more than it does the family. It 
seems likely that society must eventually 
be willing to make family economic con- 
ditions easier if it wants the family to 
yield more children. Certainly America 
has reason to be concerned about the sur- 
vival of its sturdy middle class. The 
family is going on but it seems destined 
to be a smaller family unless some better 
provisions are made for it. 


“Marriage and Divorce, 1931.” 
1932, page 20. 


The Family, Wiley & in "1934, pp. 555- 257, 265, and 266. 
The Swedish Experiment in Democratic Family and 
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PAPERS IN ZOOLOGY 


From THE REPORT OF THE SECTION CHAIRMAN 


Twenty-five papers were contained in the program at the Urbana meeting, 
16 of which are herewith published. One from the Collegiate Section is also 
printed. Titles of papers in the Senior section not printed are as follows: 


GearHarRT, H. E., Edwardsville—Wildlife conservation as a part of soil 
conservation. 


Monr, C. O. and Yeatrer, R. E., Illinois Natural History Survey, Urbana. 
—Distribution pattern of pheasants and quatls in Illinois. 


Hit, Corzan, Southern Illinois Normal University, Carbondale—A 
southern Illinois heronry. 


Guioyp, H. K., Chicago Academy of Sciences, Chicago.—A preliminary 
report on a herpetological survey of Illinois. 


THompson, D. H. and Bruno von Limsacu, Illinois Natural History Sur- 
vey, Urbana.—Bass and bluegill feeding experiments. 


Lowrig, D. C., Chicago Academy of Sciences, Chicago.—Distribution of 
spiders in the Indiana dunes associes. 


In a separate section, a symposium was held on “Interrelationships of Insests 
with Other Organisms.” ‘Three of the six papers given are herewith printed ; the 
others were : 


Emerson, A. E., University of Chicago, Entomophagy of solitary forms. 
Mercatr, C. L., University of Illinois, Parasites and vectors of pathogens. 
Ross, H. H., Illinois Natural History Survey, Insects as food of vertebrates. 
Between 40 and 50 attended each of the two sections. 


H. H. Ross, Illinois Natural History Survey, Urbana, Illinois, was elected 
chairman for the Jacksonville meeting in 1943. 
(Signed) Ortanpo Park, Chairman 
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NEW RECORDS FOR THREE ILLINOISAN ORTHOPTERA* 
W. V. BaLpur 


University of Illinois, Urbana, Illinois 


My paper concerns the giant walking 
stick, Megaphasma dentricus (Stal), 
Phasmidae, the slightly musical cone- 
head, Neoconocephalvs' ezxiliscanorus 
(Davis), Tettigoniidae, and the Carolina 
mantis,—our only native mantid, Stag- 
momantis carolina (Joh.), Mantidae. 

The Giant Walking Stick. The wing- 
less adult female specimen at hand seems 
to be the first of this species recorded 
from Illinois. It came to me through Mr. 
Roy E. Dively, instructor in high school 
biology at Red Bud, Randolph County, 
Illinois. Measuring 139 mm. in length, 
this individual was obtained alive at Red 
Bud late in October, 1941, on a portable 
water tank in a little-used private lane 
about a mile from a main road and 2.5 
to 3.0 miles from a railroad. 

The giant walking stick occurs largely 
in the southern states, being known from 
Alabama, Louisiana, Texas, New Mexico 
and Louisville, Kentucky (Blatchley), 
and from the Ozark region of Missouri 
(Somes). The northermost points from 
which Somes recorded it were Hamburg 
and Clarinda, Iowa, near northern Mis- 
souri, between latitudes 40°, 30’ and 41°. 
Inasmuch as Red Bud is situated consid- 
erably farther south,—or at latitude 38°, 
14’, and but slightly above Louisville, it 
may probably be supposed that southern 
Illinois falls fairly ‘well within the 
natural distributional area of this phas- 
mid. But since it has been taken but 
infrequently in this and higher latitudes, 
Red Bud seems to represent approxi- 
mately the northernmost line at which 
the species may be expected to occur 
naturally without the aid of man-made 
agencies. 

The Slightly Musical Cone-Head. So 
named by Davis (Blatchley) because so 
large a meadow grasshopper produces so 
very faint a call, this green long horn 
“has been very rarely encountered except 
on the Atlantic coast from Long Island 
to Virginia” (Hebard). Records cited by 
Blatchley indicate it occurs also in Ten- 


nessee, as far west as Texas and as far 
north as New Harmony, Indiana. The 
first record for Illinois is credited by 
Hebard to Hunter who located “a con- 
siderable colony” of this species at Tower 
Hill,—latitude about 39°, 20’. This in- 
stance represented also the “northwestern 
limital record” within the United States. 
I am now able to extend this northern 
limit to latitude about 40°, 8’ by virtue 
of an adult female specimen taken at a 
light by Ruth Agate (Mrs. Garland 
Riegel) in Champaign on August 8, 1940. 
The Carolina Mantis (see table I). Its 
front legs admirably fitted to seize living 
insects on which it feeds, this species of 
mantis occurs commonly in the southern 
states from Florida to Arizona (Rau and 
Rau), and northward in diminishing 
numbers to central Illinois. The princi- 
pal papers describing its bionomics are by 
Riley (1869), Rau and Rau (1913) and 
Roberts (1928). The latter two cite many 
references to other literature. 
Concerning its distribution in Illinois, 
Hebard (1934) expressed his belief “that 
the northern limits must be given as 
Quincy, Olney and Centralia.” This state- 
ment was made in part on the basis of 
19 adults and several juveniles and egg 
masses in the collection of the State 
Natural History Survey. These communi- 
ties lie between 38°, 32’ and 39°, 57’ lati- 
tude. I am presuming Hebard’s state 
ment is to be interpreted as signifying 
that those points form the northern limit 
at which the species occurs perennially. 
Perhaps a somewhat clearer picture of 
distribution will be obtained if we think 
of this, and any other insect species liv- 
ing under natural conditions, as varying 
its range from time to time within cer- 
tain geographical limits. The factor regu- 
lating the direction and extent of this 
variation in range in the case of our 
mantis is perhaps winter temperature in 
relation to the egg mass or odtheca, 
which forms the only stage that passes 
the cold season in latitude of Illinois. We 


* Contribution No. 231 from the Entomological Laboratories of the University of Illinois. 
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may, therefore visualize a strip of terri- 
tory, extending east-west across the state, 
in which this mantis vacillates at irregu- 
lar periods in accordance with variations 
in degree of winter cold above and be- 
low critical points. What the critical 
temperatures are may possibly be de 
termined by experiment. This strip is 
bounded on the south by a line of latitude 
beyond which the species never retreats, 
because the winter temperatures are con- 
tinuously tolerable to the eggs, and it is 
bounded on the north by another line be- 
yond which the species never advances 
because sooner or later there comes a 
winter with such low temperatures as de- 
stroy the eggs and thereby set the species 
back southward again. 

What the extreme boundaries of this 
area of vacillation are has, of course, not 
been learned. But that it involves Cham- 
paign county. is suggested by the records 
of four living adult specimens taken in 
the city limits of Champaign in the early 
fall of 1940 and 1941. The individual 
secured in 1940 was brought to the De- 
partment of Entomology at the Univer- 
sity by an unidentified citizen, and three 
females were taken in 1941 by Charles 
Hirsh in a vacant lot near the campus. 
How much farther north the year-around 
temperature is sometimes favorable to 
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the survival of the eggs, and therefore to 
the development of the cycle during the 
warmer seasons, can be determined only 
by securing additional records. 

However, the potential range of natural 
distribution may not be accepted as being 
coextensive with known records of occur- 
rence. Being large, and inspiring popu- 
lar hope of aid in the war against hostile 
insects, this mantis is subject to deliber- 
ate dissemination by man. Moreover, the 
egg masses, nymphs and adults that 
chance to occur on man’s vehicles that 
roll along highways and railroads, or are 
borne on nursery stock and manufactured 
articles of numerous kinds, obtain “lifts” 
that take them quickly far beyond their 
normal limits. The female taken at Chi- 
cago on a lumber car (Hebard), the 
Staley nymph which I discovered on 
weeds by a junction of two railroads 
whose southern terminal is Springfield, 
Illinois, and the two adults taken on box 
cars at a grain elevator at Peoria and 
made available to me by Frank Has- 
brouck, are probably instances of such 
artificial. transportation. In the older 
literature we find further evidence of 
such cases. Walsh and Riley (1868) re- 
ported an egg mass was sent to Lacon 
in Marshall County from a southern point 
in the state, and the pair described by 


OF STAGMOMANTIS CAROLINA 
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LeBaron (1870) was mailed to him, pre- 
sumably at Chicago, by a friend at Dongola 
in Union County. The possibility of de 
liberate or accidental participation by 
man in the dissemination of the mantis 
therefore clearly renders it impossible to 
know with certainty whether specimens 
found in the central area of Illinois are 
normal residents or adventives. But if 
found considerably south of central Illi- 
nois they may usually be regarded as 
permanent residents, while if north, or 
in general decidedly beyond latitude 40°, 
they would seem to be artifically im- 
ported and therefore doomed to local ex- 
termination with the coming of the first 
critically cold winter. 
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TESTOSTERONE PROPIONATE ON 


TERRITORIALITY IN FLOCKS OF RING DOVES 


Mary A. BENNETT 


Western Illinois State Teachers College, Macomb, Illinois 


A characteristic of bird flocks receiving 
much attention is_ territoriality. In 
studies of the organization of flocks, a 
significant relationship between this 
characteristic and the development of 
social hierarchies has been pointed out 
by several investigators. Hierarchies of 
two types are recognized. These are the 
stable peck-order as reported in chickens 
(Masure and Allee, ’34) and the much 
more flexible peck-dominance as found in 
pigeons (Masure and Allee, °34, and 
Diebschlag, ’41), of ring doves (Bennett, 
39), and of canaries (Shoemaker, '39). 
Investigators of peck-dominance have 
suggested that the explanation of this 
condition is in some complexity in the 
form of territoriality developing in 
flocks. 

Shoemaker (’39) observed in canaries 
that a bird, which is dominant over 
another in neutral territory, normally 
becomes subordinate in the nesting terri- 
tory of the other bird. He says, “This 
factor alone would account for the peck- 
dominance type of social organization.” 
Diebschlag (’41), in an analysis of the 
social order in a heterosexual group of 
pigeons, concluded that the peck-domin- 
ance system is entirely a matter of terri- 
toriality. He states that each animal 
attempts to fix the limits of and to de- 
fend a certain amount of space against 
other members of the society, Since the 
distribution within a dovecote shifts 
Somewhat easily and rather frequently, 
he concludes that this flexible “place- 
order” prevents a “linear dominance” 
such as that found in the chicken. Both 
Shoemaker and Diebschlag see in the 
instability of territorial relationships, in 
flocks of canaries and pigeons respect- 
ively, a probable explanation of peck- 
dominance. 

In ring dove flocks, experimentally 
treated with an androgen (Bennett, ’40), 
a tendency away from the characteristic 
peck-dominance type of social order 
toward a peck-right was observed. As 
this accompanied an increase in terri- 


toriality, the hypothesis was advanced 
that the possible “explanation of the in- 
creased stability observed may lie in the 
expression of territorialism rather than 
in any new development.” In most of the 
flocks of ring doves observed, previous to 
treatment with an androgen, certain in- 
dividuals had shown distinct territorial 
tendencies. They “adopted definite loca- 
tions in the cages and tended to defend 
these against all intruders.” If added to 
these in any flock, there were others in 
whom territoriality could be induced by 
experimental treatment, it is to be ex- 
pected that a greater degree of stability 
would appear in the social organization 
of the group. The present report follows 
an attempt to analyze more fully the data 
in the ring dove investigation from the 
standpoint of the relationship of in- 
creased territoriality and accompanying 
changes in social organization, 

The experimental birds, that is, those 
injected with an androgen, were selected 
because of low rank, a status character- 
ized either by passivity or by failure to 
win in pecking encounters. They seldom 
if ever attempted defense of a location. 
The general procedures used are fully de- 
scribed in previous reports (Bennett, ’39, 
’40). Three homosexual caged flocks, one 
of females, two of males, were observed 
daily. Records of individual locations 
and activities were recorded in five 
minute intervals, making the reconstruc- 
tion of a cage picture for any given time 
a possibility. Preinjection (control) 
periods were followed by experimental 
periods. In the latter, one or two of the 
selected flock members in each cage re- 
ceived daily injections of testosterone 
propionate. Post-injection periods fol- 
lowed. Two series, one of 78 days, one 
of 50 days, included 48 days and 24 days, 
respectively, of injections. The treated 
birds in Series I were D and RH in the 
female flock, two birds in male flock A, 
and EB in male flock B. Three of these, 
one from each flock, were again experi- 
mental subjects in Series II. 
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In the pre-injection period of Series I 
both experimental female birds were 
passive, located much of the time on the 
front perch. In the injection period, D 
moved to the floor with occasional ag- 
gressive sallies upon the perches. RH 
first changed from the front perch to the 
back, then also located on the floor for 
the remainder of the period. In the 
post-injection period both birds soon 
retired to the front perch and became as 
passive as preceding treatment. In 
Series II, D again returned to the floor 
but alternated between it and the front 
perch. Again, upon cessation of injec- 
tions, D became passive on the back 
perch. 

The behavior of EB in the male flock 
B was characteristic for the treated 
males. In the pre-injection period of 
Series I, he was never definitely located. 
He engaged in frequent floor encounters, 
losing most of them. With injections, he 
began winning encounters. After three 
weeks, he located for a time on the front 
perch. With an increase in androgen 
dosage later in this series, he returned to 
the floor. Here the other birds exhibited 
a wariness with regard to him. In the 
post-injection period, he gradually became 
inactive on the back perch. With re- 
injection EB returned to the floor, be- 
coming an aggressor there. In the suc- 
ceeding post-injection period he once 
more settled passively on the back perch. 

The androgen induced aggressiveness 
in the experimental subjects. As this 
occurred, the same birds exhibited an 
increased tendency to occupy new loca- 
tions and to engage intruders in combat 
until these intruders would withdraw 
from the place, It Was noticeable that 
the floor was the usual arena of defense 
activity. This is to be expected because 
of the space and freedom permitted dur- 
ing combats. With cessation of injections 
the resumption of the pre-injection status 


was accompanied by a decrease in the 
stability of the flock structure. 

The flocks observed by Diebschlag and 
Shoemaker were heterosexual and be- 
havior, directly associated with the 
breeding cycle, complicated the picture. 
Since homosexual flocks were used in the 
case of the ring doves, the influence of 
sex interrelations was, in part at least, 
removed. Whatever changes in flexi- 
bility of social order occurred were less 
obscured by mating and nesting activities. 

Increased aggressiveness occurred in 
all injected birds. This was followed by 
a development of territorial tendencies in 
the same individuals, accompanied by an 
increased development of a _peck-right 
type of social organization. The conclu- 
sions of Shoemaker and Diebschlag, that 
in the shifting conditions of the birds 
flocks observed by them, lay the explana- 
tion of the flexible peck-dominance type, 
is supported by the evidence in this case. 
As more birds in a flock became definitely 
located and began aggressively to defend 
the regions occupied, the social structure 
became more fixed. 

It seems clear that the injection of 
testosterone propionate in low ranking 
members of ring dove flocks increased 


territorialism in the flocks and con, 


tributed to an increase in the develop- 
ment of a _ peck-right type of social 
hierarchy. 
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ZAPATERA SPOILAGE OF OLIVES* 


Vincent J. DEL GIUDICE 
University of Illinois, Urbana, Illinois 


Zapatera, the name given to one type 
of spoilage, is a Spanish word meaning, 
“shoemaker’s wife,” but the literal trans- 
lation of the word is “stinkfoot.” Its 
only means of detection is by the offensive 
odor produced. 

In an attempt to discover the cause 
of Zapatera spoilage a study of types of 
organisms found in normal and spoiled 
olive brine was conducted. Microscopic 
examinations were made of all samples, 
which revealed the presence of yeasts, 
associated with rods and cocci. The first 
observation was on the number of or- 
ganisms in the brine. Plate counts were 
made on various agars in order to isolate 
as many different types of organisms as 
possible. In all tests the spoiled samples 
had higher counts than those considered 
normal. 

During the investigation determinations 
of pH were made electrometrically. All 
spoiled samples with the exception’ of 
three had a pH of 4.0 or above. Normal 
samples were below this figure. Expos- 
ing spoiled samples to air increased the 
spoilage. A rapid increase in pH also 
occurred, and the samples became dark- 
ened. Normal samples when exposed to 
the air increased somewhat in pH, but 
showed no darkening. These results in- 
dicate that exclusion of air, and control 
of pH are important factors in the pre- 
vention of the spoilage. 

Smyth reported a group of spore form- 
ing, aerobic, proteolytic organisms as the 
cause of Zapatera spoilage. Heat tests 
were conducted on all samples. Or- 
ganisms developed from spoiled samples 
which had approached a pH of 7.0 or 
higher. Since Zapatera begins at a pH 
of about 4.2 to 4.3 the possibility of spore 
forming organisms in the solution is very 
remote. Vaughn later reported that non 
spore forming organisms caused Zapatera 
spoilage. 

Some of the organisms isolated from 
the samples were inoculated into normal 
samples, but the spoilage was not repro- 
duced. 


* Contribution from the Collegiate Section. 


Tracy and other workers reported a 
spoilage of olives due to organisms of the 
genera Escherichiaynd Aerobacter. This 
spoilage can easily be detected by the 
presence of gas in the samples. No gas 
was noticed in Zapatera spoilage, however, 
all samples were inoculated into lactose 
fermentation tubes, and observed for gas 
production. Gas was produced in only 
one sample. It has been exposed to the 
air for six months, and has a pH above 
8.0. Therefore it may have been easily 
contaminated with gas producing organ- 
isms. 


A “butyric” spoilage in olives caused 
by the butyric acid anaerobes has been 
described by Vaughn. A study of ana- 
erobes that were isolated from the brine 
is being conducted. As yet they have 
not been definitely classified. There is a 
possibility that they are Lactobacilli. 
These organisms play an important role 
in the normal fermentation of olives. 
Therefore their presence is essential for 
a good, vigorous fermentation. Tests of 
abnormal fermentation of olives were 
made, by the addition of spoiled olive 
brine to good olives in a salt, sugar 
solution with the absence of lactic acid. 
The flora for two and one half months 
has consisted of large cigar shaped yeast 
cells, filamentous rod forms, large and 
short rods, and some cocci. 


An attempt is being made to classify 
the bacteria and yeasts isolated from sam- 
ples of Zapatera spoilages. 

In conclusion it can be said that the 
exclusion of air and control of pH would 
probably aid the manufacturer greatly in 
reducing Zapatera spoilage in olives. In- 
cidentally this type of spoilage is chiefly 
a concern and loss to the manufacturer 
for the consumer seldom finds it in 
packed olives. Packers would not dare 
risk their business by selling olives which 
had this spoilage because of the offensive 
odor. 


More work can and should be done on 
this type of spoilage. 
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CHLOROPHYLL IN THE TREATMENT OF ATHLETE’S 
FOOT* 


Frances C, FosteR AND WILLIAM C. GRATER 


University of Illinois, Urbana, Illinois 


Recently, in the field of chemotherapy, 
chlorophyll has been used experimentally 
in the treatment of infections, particu- 
larly in acute or chronic local suppura- 
tive lesions. Dr. Benjamin Gruskin, Di- 
rector of Experimental Pathology at Tem- 
ple University, suggests the theoretical 
explanation that the action of chlorophyll 
consists for the most part of increasing 
the resistance of cells in some physico- 
chemical manner so that enzymatic diges- 
tion of the cell membrane by invading 
bacteria or their toxins is checked; and 
that the bacteria are inhibited from form- 
ing toxic compounds. Dr. Gruskins’ suc- 
cess in treating various dermatological in- 
fections, including one case of Actinomy- 
cosis, suggested the possibility of success- 
ful treatment of athlete’s foot caused by 
a fungus of the Genus Trichophyton. 

Oil soluble chlorophyll in a lanolin 
base, and also in a liquid solvent, was 
used in the treatment of cases in the 
present study. Volunteer patients were 
brought to the laboratory and their feet 
examined, particular attention being paid 
to scales, pustules, open lesions and 
breaks in the skin. Cultures of skin 
scrapings and pus were made on plain 
agar, Sabouraud’s maltose agar with and 
without tellurite, and a hanging drop 
preparation containing maltose, peptone 
and water. The medium containing tel- 
lurite was efficient in inhibiting the 
growth of certain bacteria found on the 
feet, so was satisfactory for the isolation 


* Contribution from the Collegiate Section. 


of the fungi, on which it had no appre- 
ciable effect. The cultures were incu- 
bated at room temperature and Trich- 
ophyton isolated when possible. Check 
cultures were made in 2-3 days, and final 
cultures were taken after treatment had 
been followed for at least two weeks. 


Treatment consisted of rubbing or 
swabbing the chlorophyll material thor- 
oughly into and around the lesions. Each 
person was instructed to apply treatment 
once daily, and regularity in treatment 
was emphasized. Thirty-one cases were 
treated, but only one case could be re 
ported as cured. The chlorophyll treat- 
ment, however, had some beneficial effect. 
There was some evidence of better results 
when Trichophyton was not isolated as 
the cause of the infection, and little or 
no improvement was noted in acute cases 
where the fungi were definitely isolated. 
Neither the liquid nor the ointment showed 
any fungistatic power with tests carried 
out, a fact which seem to indicate, also, 
that chlorophyll has no fungicidal power. 
This is in line with Dr. Gruskin’s theory 
that chlorophyll increases the resistance 
of the cell. 

In conclusion, the present experiment 
indicated that chlorophyll is of value in 
preventing cracks and itching in the in- 
terdigital spaces, but that it seldom, if 
ever, cures athlete’s foot. Better results 
might be obtained if the treatment could 
be carefully controlled. 
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THE ANGLERS’ CATCH AT LAKE CHAUTAUQUA NEAR 
HAVANA, ILLINOIS, WITH COMPARATIVE DATA ON 
HOOPNET SAMPLES 
DonaLp F. HANSEN 
Illinois Natural History Survey, Urbana, Illinois 


The year 1942 was the third successive 
year in which a partial record was ob- 
tained of the hook-and-line catch at Lake 
Chautauqua, a wildlife refuge maintained 
by the U. S. Fish and Wildlife Service 
near Havana, Illinois. Lake Chautauqua 
is an abandoned drainage and levee dis- 
trict. The levees separate the refuge 
from the adjoining Illinois River except 
at flood stages. At ordinary levels the 
lake has an area of 3,200 acres and a 
maximum depth of about 5 feet. The 
lake is approximately 6 miles long and a 
mile wide. 

Lake Chautauqua attracts more hook- 
and-line fishermen than any other lake 
along the Illinois River; nevertheless, the 
fishing cannot be ranked high. Large- 
mouth bass, bluegills, both black and 
white crappies, yellow perch, and yellow 
bass (Morone interrupta) are the prin- 
cipal kinds caught. 

The census was conducted by the IIli- 
nois Natural History Survey with the co- 
operation of the U. S. Fish and Wildlife 
Service through Mr. Homer L. Bradley, 
refuge manager, and Mr. Milfred Smith, 
refuge patrolman, 

The catch records were kept by the 
boat liverymen, that is, by men in the 
business of renting rowboats. The 
records kept by Mr. Frank Kuntz, care- 
taker at Bridgeman’s livery, were nearly 
100 per cent complete for 1941 and 1942 
and because of their completeness are 
especially valuable for a study of seasonal 
trends in fishing. Bridgeman’s record 
alone comprises the data for the present 
paper. 

The Bridgeman record for 1940 cov- 
ered only three months and no records 
were kept of people who failed to catch 
fish. 

Bridgeman’s livery is located on 
Haven’s Slough at the northeast end of 
Lake Chautauqua. This part of the lake 
is protected from wind and supports 
rather dense growths of submerged 





aquatic plants. Above Bridgeman’s dock 
the slough widens out into an area of 
about 80 acres. Most of the fishermen 
renting boats at Bridgeman’s stay within 
this small area. A considerable amount 
of still-fishing is done around dense 
stands of button bush, Cephalanthus 
occidentalis, which grows in water up to 
three feet in depth. A certain amount of 
still-fishing is also done in the shade of 
the partly submerged willows, as well as 
in open water. The proportion of all 
Chautauqua fishermen using this boat 
livery cannot easily be estimated. Be- 
sides the boat liveries on the lake proper, 
of which there were five in 1941 and two 
in 1942, there are two liveries at Liver- 
pool and others at Havana. Boats from 
the latter towns are hauled over the 
levees on wooden rollers, or pull-overs. 
Numbers of private boats are also on the 
lake, but no estimate of their numbers is 
at hand, 

The record cards were made out for 
parties rather than for individuals. The 
parties usually consisted of two persons 
each. The information entered on each 
card included number of fishermen in the 
party, number of hours spent, and num- 
ber of each kind of fish brought to the 
dock. The boat yard attendants were not 
asked to separate the species of crappies, 
bullheads, or sunfish except for bluegills. 
No observations were made on lengths or 
weights. 

The periods covered in this report in- 
clude all of the year 1941 and from Jan- 
uary 1 to September 6, 1942, except that 
no fishing was allowed during the 1941 
duck shooting season, October 16—De- 
cember 14. Bass fishing was closed both 
years from April 1 to May 31. Winter 
fishing was prohibited under the ice but 
was permitted where holes naturally re- 
mained open. 

Kinds and Numbers Caught and Differ- 
ences in the 1941 and 1942 Catch. — The 
species totals for the same periods of 
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1941 and 1942, i.e., January 1 to Septem- 
ber 6, are shown in table 1. Number 
caught refers to the fish taken away from 
the lake. No record was kept of the fish 
thrown back. The late 1941 data are 
omitted from this list because of absence 
of corresponding data for 1942, There 
are certain striking differences in the 
catch for the two years. In 1942 there 
were a great many more bluegills and 
yellow bass with fewer crappies and fewer 
miscellaneous sunfish. 


TABLE 1.—COMPARISON OF THE 1941 AND 
1942 Seasons WITH RESPECT TO KINDS 
AND NUMBERS OF FISH CAUGHT BY 
ANGLERS AT BRIDGEMAN’S Boat LIVERY 
oN LAKE CHAUTAUQUA IN THE PERIOD 
JANUARY 1—-SEPTEMBER 6 





Kinds 1941 1942 
Largemouth bass ........... 426 450 
Smallmouth bass ........... 1 0 
EE Ci a6 sat we bk Sab 2,043 3,622 
yar ee rr 400 306 
PE fet iss sad wbacw dees 681 357 
i ED: 664. ¢4'2.06iese Keke 1,002 1,110 
0, 8 ree ee 9 1,236 
NEL, ‘o's's.0 6s hesigin tb aes 55 4 
Eire rere Pee 56 75 
STL, a 4.6658 Kae en eas ae 13 0 
PD sidewactoabee cats 620 0 1 
DE Wekecehdibhuadeaceweows 3 2 

RE er reer 0 1 
ae ee 30 0 

EE ED ho Seth Ga dd 8 O93 4,719 7,164 
Total fisherman-days ....... 1,695 1,563 
Av. catch per fisherman per 

Sa Re ee 2.8 4.6 
Av. catch per fisherman per 

Bn .wivinguadistspanene 0.7 1.0 


Whereas only 9 yellow bass were re- 
corded for 1941, 1,236 were recorded for 
1942. Due to this increase the yellow 
bass ranked second in importance of all 
kinds caught in 1942. It is significant 
that the yellow bass was among the three 
most abundant kinds taken in hoopnet 
samples in 1940, 1941, and 1942, but had 
no importance in the hook-and-line catch 
until the last year. Lake Chautauqua 
may be considered unusual among Illinois 
waters for its large populations of both 
yellow bass and yellow perch. 

Number of Zero Catches. — For the 
periods mentioned above, the percentage 
of boats returning with no fish averaged 
40 per cent in 1941 and 41 per cent in 
1942. During some of the poorer weeks 
in the middle of the summer zero catches 
ran as high as 50 per cent. Since there 
were usually in each boat two fisher- 
men, only one of whom may have caught 
fish, the percentage of individuals failing 
to catch fish would be somewhat higher 
than the figures given for boats. 


The Average Catch Per Fisherman-Day 
and Average Catch Per Hour.—For cor- 
responding periods January 1 to Septem- 
ber 6, the average daily catch was 2.8 
fish per day in 1941 and 4.6 fish per day 
in 1942. The length of day averaged 4.1 
hours in 1941 and 4.5 hours in 1942. The 
average 1941 catch, however, was larger, 
3.6 fish per day, when the period Septem- 
ber 17-December 31 is included. 

The average catch per hour for the 
period January 1 to September 6 was 0.7 
fish per hour in 1941 and 1.0 fish in 1942. 
For the entire 1941 season, January to 
December, the catch per hour was 0.9 
fish. 

The non-technical reader should bear 
in mind that these are averages of good 
and bad periods and of expert and inex- 
pert fishermen. Nevertheless, the legal 
creel limit of 10 bass, 25 of other fine fish 
of a single kind, or 35 in the aggregate 
of several kinds, was seldom obtained or 
even approached except during September 
and October, 1941, when many limits of 
bluegills were taken. 

The following tabulation (table 2) 
shows how Lake Chautauqua compares 
with some other lakes both within and 
outside the State of Illinois, in terms of 
number of fish caught per hour. The 
figures for Rinaker Lake, Onized Lake, 
and Lake Glendale are from unpublished 
data, Rinaker Lake (14.3 acres) near 
Carlinville, Illinois, is an artificial lake 
40 years old operated by a club with 75 
members. The fishing record for the 
years 1932-39 has been analyzed by Dr. 
David H. Thompson of the Illinois 
Natural History Survey. The fishing be- 
gan in March or April each year (except 
in 1932 when the record began in June) 
and ended in October or November. The 
largest number of fishermen-days for any 
of the 8 years was 642. 

Onized Lake (2 acres) near Alton, IIli- 
nois, has been under the observation of 
Dr. George W. Bennett, also of the Illi- 
nois Natural History Survey. The record 
covers two years, 1939 and 1940, and 
takes in the months April to October. 

Lake Glendale (82 acres) is a new lake 
in the Shawnee National Forest in south- 
ern Illinois near Dixon Springs. The 
record covers 2,754 man-days during the 
summer of 1942, which was the first year 
the lake was opened to fishing. The lake 
was completed in 1939, and stocked in 
April, 1940. Fishing in 1942 was per- 
mitted from May 15 to August 29. 





Aa mos 2 


moveemewaetrrppoeses 





res 
and 
} of 
The 
ike, 
hed 
ear 
ake 


the 
Dr. 
Lois 


ept 
ne) 
The 
any 


li- 


li- 
ord 
ind 


ake 
ith- 
The 
the 
ear 
ake 

in 
yer- 





Zoology—1942 Meeting 199 


TABLE 2.— OBSERVED AVERAGE CATCH PER 
Hover in Four ILirmors LAKES, AND 
CORRESPONDING DaTA FroM LAKES IN 
OTHER STATES 














h Fish per hour 
State and lake — (High and low 
record | yearly average) 
Illinois— 
Sarre 1 year 0.4 
inidibinmnssnniccnenretl 2 years 0.4—0.8 
RSH 8 years 1.0—2.1 
Chautauqua. -..........- 2 years 0.7—1.0 
Michigan— 
| eee 4 years 1.0—1.7 
Waterloo Area........... 1 year 1.2 
(12 lakes) 
Whitmore Lake........- 5 years 
Largemouth bass. ....}-..........- 0.3—1.4 
iticcuskvanssuteainwanected 4.4—12.8 
iG cntenacnncanabinbducnsiede 1.8—3.7 
go 1 0 
uamegon Forest year s 
(5 lakes) 
[ae 1 year 1.9 
SS Sa 1 year 1.2 
Tennessee— 
i oo a 1 year 1.6 
Ch cha cis in geared 2 years 0.2—0.3 
_ REPS TR 1 year 0.4 
New York— 
Chautauqua Lake-..-..- 5 days 0.5 
(July 1-5) 








*The authors thought that all zero catches were 
probably not reported and that these figures were 
seangutas too hah. ; 

On all three of the above lakes the 
censuses were handled by full time care- 
takers who were charged with the re- 
sponsibility of recording the results of 
all fishermen, 

The catch rates for out-of-state waters 
were obtained from the papers of Esch- 
meyer (1939), Hazzard and Eschmeyer 
(1938), Eschmeyer and Tarzwell (1941), 
Elkins (1937), Frey, Pedracine, and Vike 
(1939), Moore (1938), and Troutman 
(1941). 

The dates at which the various censuses 
begin and end differ considerably so that 
the catch per hour figures should only 
be taken as suggestive of the quality of 
fishing in different parts of the country. 
An hourly rate of 2 fish per hour seems 
to represent unusually good fishing and 
3 fish per hour very exceptional fishing. 
Some of the lowest yields were found 
among lakes in which rates ran heavily 
to large game fish. This was true for 
Norris Reservoir (Tennessee), and for two 
of the five lakes in Chequamegon Forest 
(Wisconsin). 

Seasonal Trends in the Numbers of 
People Fishing.—Marked variation from 


week to week may be seen in tables 3 
and 4 in numbers of people who fished 
at Lake Chautauqua. Both in 1941 and 
1942 fishing was well under way by April, 
but the numbers of fishermen dropped off 
around the second or third week in July. 
Fishermen came in comparatively large 
numbers throughout September and into 
October until fishing was closed at the 
opening of the duck season. In 1941 the 
peak number of fishermen occurred dur- 
ing the week ending May 18 at the 
height of the crappie season, while in 
1942 this peak occurred during the open- 
ing week of the bass season, June 1, 
which was also the second best week in 
1941. It might be suggested that the de- 
cline in number of fishermen in July re- 
sulted from the discouragement of the 
bass fishermen or perhaps because the 
peak interest in fishing is reached by a 
certain group of fishermen at the open- 
ing of the bass season. 

Seasonal Variation in the Anglers’ 
Catch.—Seasonal variation in the catch 
per hour of the important species has been 
determined by dividing each week’s catch 
by the total hours of fishing by all fisher- 
men. 

The catch-per-hour rates for weekly 
periods in 1941 and 1942 are shown in 
tables 3 and 4 and in figure 1. 

On the basis of figure 1 the following 
conclusions are reached with respect to 
seasonal variations in fishing: 

1. There are definite peaks in biting 
activity, but these peaks do not neces- 
sarily occur at the same time for all 
species. 

2. The biting of a given species may 
show several conspicuous peaks during 
the same year. 

3. The peaks may occur at quite dif- 
ferent times in different years. 

4. Periods of excellent fishing tend to 
be short, ie, peaks are more inclined 
to have steep than gradually tapered 
slopes, 

There was enough difference between 
periods of good fishing in 1941 and 1942 
to make it impossible to define accurately 
the most likely time of the year for a 
good catch. The periods when fishing 
was better than ordinary, however, are de- 
fined below. 

Largemouth bass.—Rather good catches 
of bass were made in January and Feb- 
ruary, 1941 (see table 2), but were not 
duplicated in corresponding months of 
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TABLE 3.—BRIDGEMAN’S LIveRY, 1941. Numbers or FisH Anp CaTtcH Per Hour Rate 


BY WEEKS’ For Most IMpoRTANT SPECIES. 


THe CatcH Per Hour Rate Is BASED on 


TotTaL Hours or FisHING INCLUDING THOSE SPENT BY THE UNSUCCESSFUL FISHERMEN. 


THe YELLOW Bass Was Not ONE OF THE 


IMPORTANT HOOK-AND-LINE SPECIES IN 1941. 







































Largemouth bass Bluegill Crappie Yellow perch 
Number 
Week ending of Total 
Sunday— fisher- | hours Catch Catch 
men Number per |Number per |Number 
hour 

4 : 29 ? 

6 3 54]? 

ll #F 7 ae 

| 8 7 ? 

: 2 15 ? 
23 gery eee 0.695 0.054 27} 0.293 
69 340 REE: Belamaiaiabagicis 194 0.570 37 0.108 207 0.608 
16 64) ec BF 9 0.140 0.046 32 0.500 
71 360 < ° 0.047 lll 0.308 
110 460 0.300 94 0.204 
38 154 0.655 37 0.240 
196 965| | 0.173 116] 0.120 
101 380) —Q 0.015 18 0.047 
157 700 e 0.003 21 0.030 
139 486 a ES ee Lee NTE 
44 188 0. 0.005 2 0.010 
106 7. ° 0.004 54 0.228 
102 374 38 0.101 33 ERE SITS 7 0.018 
306 32 0.104 90 0.294 35 0.114 33 0.107 
101 390 15 0.038 75 0.192 20 1 60 0.154 
24 75 0.093 31 READS Cee 7 0.093 
53 201 13 0.064 66 Giccaiccak bidamadann 30 0.149 
10 502 0.004 55 0.109 13 0.025 12 0.024 
49 170 18 0.106 25 0.147 1 0.005 33 0.194 
50 210 12 0.057 64 0.304 5 0.024 50 0.238 
82 14 0.040 171 0.483 111 0.313 30 0.084 
27 117 0.068 79 0.675 18 0.153 21 0.179 
86 437 13 0.029 219 0.501 ll 0.025 77 0.176 
68 313 27 0.086 171 0.546 4 | EG SS 
40 184 2 0.011 400 2.174 6 RSS ES 
64 290 18 0.062 734 2.351 8 0.027 16 0.055 
27 104 1 0.009 560 5.384 2 ee hignadiine 
109 13 0.109 159 | & RO SAE 4 0.036 
12 iithessiutelecieaioce 90 ESS USE 2) 0.041 





























1942. There were no outstanding peaks 
during the summer and fall months in 
either year. 

Crappie—tIn Illinois the crappies are 
traditionally known as,spring and fall 
biters. There were well defined peaks in 
May both years but no evidence was 
found for a fall peak. Perhaps the 
natural fall peak would come during the 
waterfowl season. The peak occurring in 
late August, 1941, was unexpected. The 
crappies underwent longer periods of 
complete biting inactivity than the other 
principal species. 

Yellow Perch.—The peak month in 1941 
was April, but in 1942 the peak occurred 
in late July and early August. There 
were four consecutive depression weeks 
starting late in May with exact corre- 
spondence in dates between the two years, 

Yellow Bass.—The highest peak was 
reached in July with lesser peaks in April 
and June. This species practically re- 


fused to bite in 1941 so that there were 
no outstanding peaks. 

Bluegill.—The bluegill seems to be the 
most erratic species in its biting of any 
of the five observed. The best fishing 
occurred in late September and early 
October, 1941, when during one week 
bluegills were taken at the rate of 5.38 
fish per hour; while in 1942 there were 
three moderately high peaks as follows: 
January, late April, and late May. 

Comparison between the Anglers’ Catch 
and the Hoopnet Catch. — The species 
composition observed in the anglers’ 
catch at Lake Chautauqua has been found 
to be different from the composition of 
the hoopnet catches. Inasmuch as hoop- 
nets are used in fisheries work for fore- 
casting hook-and-line possibilities of lakes 
and also for determining management 
needs for hook-and-line fishing, it is im- 
portant to know how great these dis- 
crepancies are. 
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From May 6 to May 14, 1942, hoopnets 
were set in the 80 acres most used by 
the fishermen who rent boats at Bridge- 
man’s livery. Seventeen hoopnet catches 
were obtained at this time with 4 one- 
inch mesh (square measure) nets. The 
percentage representation of each species 
in these seventeen catches is shown in 
table 5. Also appearing in this table are 
the percentages of the same _ species 
caught by hook and line at Bridgeman’s 
during the five weeks ending May 31, The 
catches of 405 fishermen are included in 
the latter figures. The most striking dif- 
ferences in the percentages were found 
among bluegills and crappies. Bluegills 
made up 78.5 per cent of the anglers’ 
catch but only 17.8 per cent of the hoop- 
net catch. Crappies, on the other hand, 
made up 12.6 per cent of the anglers’ 
catch but 61.4 per cent of the hoopnet 
catch. Fairly important differences of 
this type were found also in connection 
with yellow perch, bullheads, and sunfish. 
Certain other species, namely carp, dog- 
fish, sheepshead and buffalo, were slightly 
more abundant in the hoopnets than was 
yellow perch, but were not caught at all 
in May by anglers. However, the num- 
ber of fishermen using special carp baits 
is slight as compared with the number 
using worms, minnows, or artificial baits. 


It should be mentioned that an un- 
usually high percentage, probably at least 
90 per cent, of the hoopnet catch was 
made up of fish large enough to be eaten. 

During the two weeks ending May 17, 
which most nearly coincide with the 
hoopnet collection dates near Bridge- 
man’s, hoopnet and anglers’ catches fail 
to agree any more closely than for the 
five weeks shown in table 5. The per- 
centage representation of the four prin- 
cipal species taken by hook during those 
two weeks were as follows: bluegills 
31.8%, crappie 9.5%, yellow perch 55.5%, 
and yellow bass 3.1%. The hoopnet per- 
centages for this period were bluegills 
17.8%, crappie 61.4%, yellow perch 0.4%, 
and yellow bass 1.7%. 

The same sort of discrepancies appear 
in table 6, where all the hoopnet catches 
made in 1942 are compared with all avail- 
able 1942 hook-and-line data from the 
Bridgeman livery. 

The hoopnet data for 1942 include, be- 
sides the 17 catches in the vicinity of 
Bridgeman’s at the northeast corner of 
the lake, an additional 19 catches ob- 
tained between May 4 and 14 at scattered 
points between Bridgeman’s and the other 
end of the lake, a distance of 6 miles. 
Another 6 catches were taken near the 
southwest end of the lake July 9-11. 


TABLE 4.—BRIDGEMAN’S LIVERY, 1942. NUMBERS OF FIsH AND CATCH Per Hour RATE 
BY WEEKS, THE CaTcH Per Hour Is BASED ON ToTAL Hours or FISHING INCLUDING 
THOSE SPENT BY THE UNSUCCESSFUL FISHERMEN. 
































Largemouth bass Bluegill Crappie Yellow perch Yellow bass 
Number| 
Week of Total 
ending fisher- | hours Catch Catch Catch Catch Catch 
men Number| per |Number| per |Number| per [Number| per |Number| per 
hour hour hour hour hour 
Jan. 11.... 6 See ee eR Se 
es “4 94 ES re 7} 0.129). 
oe TS 17 71 1.700 3 0.072 3} = 0.072)_. 
Feb. 8... 10 49} 1.340) - ee SER ete 
Apr. a 15 73 S Se See 2; 0.029 
a—~ we 17 35} 0.450 2} 0.026 2 ))06 Se eee 
<i sae 43 339 1.810 13} 0.074 49} 0.278 67) 0.381 
May / = 59 298 1.510 4; 0.020 13} 0.066 24) 0.124 
i 43 16} 0.089) 15} 0.083 37} 0.203 5} 0.028 
i 63 eo RES See 2 eee 
~ ie 114 850} 1.800 169} 0.356 13} 0.029 30} 0.064 
el) ee 126 771 1.370 130} 0.230 41 SS Soe 
June 7.... 411} 0.304 17} 0.013 66; 0.049 36} 0.026 
ae WIG 101 Tt Wiadsenadisscondan - Ss Soe 
oes 122 238} 0.422 | a SRE NR 
Es —_ 91 85| 0.204 66; 0.158 198} 0.474 
July 5.... 115 38} 0.073). 89} 0.171 47| 0.091 
he RS 70 58} 0.196). 63} 0.213 85} 0. 
nigger | RR 58 4) 0.015). 75} 0.283 35; 0.134 
< — 56 6} 0.024 63; 0.254 328} 1.340 
Aug. a 49 , PE 97| 0.466 155} 0.745 
. ae 56 ie SR Sy 97; 0.360 122; 0.450 
ey | SRS 49 41 RSS CaS 38| 0.167 75| 0. 
a ae i SRS FE CPR See RR BAERS 15| 0.186 11} 0.136 
pa: SRR at re Oe a Sa a 5} 0.100 10} 0.184 
Sept. 6... ee See en | STEER PSRs Ca eee 15} 0.268) 8} 0.143 
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g. 1.—Average catch of various species per hour of fishing. Bridgeman’s boat livery in 
1941 and 1942. 
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TABLE 5.—RELATIVE ABUNDANCE OF SPECIES IN HoopnetT CATCH AND ANGLERS’ CATCH IN 
THE VICINITY OF BRIDGEMAN’S LiverRY Durtne May, 1942 


























Vicinity of Bridgeman’s Livery, May, 1942 
Species Angler's catch Hoopnet catch 
Per cent Number Per cent Number 

PE titivetbidbicdidibbucgtnnkehhieidaswunabnete 78.5 1969 17.8 123 
Crappie (2 sp.)° EEO TSR EE ALAS FTE  aeere 12.6 318 61.4 425 
 aidivichcadidibnscttnphaccsinilaitousanianaes 6.1 154 4 3 
 _ 4 = eee 2.4 59 1.7 12 
17 ic dhibinttcusgiitanindccaabbentiqnduiinhints Closed |season 2.0 15 
SI i aii Sa dha barca damaeaiemednsettl 0.3 7 6.1 42 
SS LE ES SPS: Few eee ee 4.3 30 
tia oe thi dabinwenddacudbnieakadenedhaddicubsninapninbanapbedanaaesiiniad 3.6 | 25 
a6 casita a6 duce maecabuionsnqabn wannhiblpbendinnhalgelniei 1 0.9 | 6 
35:28. 42sa56 cen canhennunkhasaesebatndingelpendamesaniass prkeedceuania 0.9 6 
GG SRE SS SSE RC eee RE A (SR 0.6 4 
ASE Se EE RE SR RRR Dh TEREST Ot AT eee “es. j 2 
CNRS RE Os eS Ne ee AES 100.0 2,508 100.0 | 693 











* Number of species found in hoopnets and possibly represented in the angler’s catch. 


TABLE 6.—RELATIVE ABUNDANCE OF SPECIES IN HoopneT CATCH AND ANGLERS’ CATCH. 
PERIOD OF THE ANGLERS’ CATCH IN THE VICINITY OF BRIDGEMAN’S, JANUARY 1 TO SEP- 
TEMBER 6. THE HOOPNETS WERE SET IN VARIOUS PARTS OF THE LAKE. MAY AND JULY 
Hoopnet CatcHES ARE COMBINED. 
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1942 season 
! 
Species Angler's catch Hoopnet catch 
near Bridgeman’s | from entire lake 
Jan. 1 to Sept. 6 | May and July 
} 
Per cent Number Per cent | Number 
‘iG | 
TI IE LP RR ETT 50.5 3,622 | 14.9 | 414 
SERRE SEAT ESE Sree nee Sanne 17.3 1, 236 23.5 656 
SS SE eae) Cpe eee ae 15.5 1,110 0.7 | 21 
TRS idinbibantcarnuidhnnensnbedeuesuniian 6.3 450 | 0.8 23 
isdn ciiihepiraikeantinnkinanhientiiandonen 5.0 357 | «= 52.4], 488 
SP  nvcigasasdabsadendsaDrackdiaudbdndamisesbbe 4.3 306 | 2.6 72 
—i“=$ ITR S ees ree 1.0 75 } 2.7 } 74 
ins. 2 canis binninaiemaanimannbndaanheintpapnadttetelme dati 4 I oicininaiente cient 2 
D NI SE NEONATES, GORE ST, ai 0.4 11 
ee Re IC EE ERS STEER | 0.3 = | 
SEEN ee a ES SEI! She Sees 1 } 0.2 | 7 
TE gn recta canidnkadckplendendsececnesocesstduensecslantnncacasensipweensseadieson } 1.3 35 
RRR SS SE eee) ARTE SSE ert Se a ca aad acon’ 
EAS a RRR SHINEE FRR i © TREES A Penne soars 
REL SEE eI eke Pees 100.0 7,164 100.0 | 2,788 








* The catch from one hoopnet set 21 hours was omitted from these totals because of the exceptionally large 
number of yellow bass (835) which it contained. This net also included 15 crappies and 1 or 2 individuals of other 


species, none of which are included in the above totals. 
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It is apparent that either one or both 
of the sampling techniques are selective. 
Otherwise, the percentages in tables 5 and 
6 should agree. For some species, the 
two techniques may be selective in oppo- 
site directions. For example, bluegills 
may be comparatively difficult to catch 
in hoopnets but comparatively easy to 
catch on hook-and-line, thus distorting the 
bluegill figures with respect to those for 
other species. Also, the degree of selec- 
tivity for either hoopnets or hook-and- 
line might vary with the season of the 
year. 
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LOCALITY RECORDS OF SOME HYDRACARINA FROM 
ILLINOIS 


C. Crayton Horr 


Quincy College, Quincy, Illinois 


While engaged in field work in various 
localities in Illinois during the summer 
of 1940, the writer on a few occasions in- 
cidentally collected hydracarina from the 
shallow water areas of rivers, lakes, and 
ponds. A list of the species found in 
these collections with an indication of 
the localities is given in the present 
paper. 

Although the number of species repre- 
sented in the collections is exceedingly 
small and most of the forms reported are 
known to be cosmopolitan, the writer be- 
lieves that the publication of this incom- 
plete list is justified because several 
species, Neumania eaztendens Marshall, 
Koenikea haldemani Viets, Unionicola 
crassipes (Miiller), Lebertia distincta Mar- 
shall, and perhaps Mideopsis orbicularis 
(Miller), are reported herein for the 
first time from Illinois. What is more 
important, perhaps, is the finding of 
species which are common in the lakes of 
Wisconsin and northern Illinois occurring 
abundantly in the more or less acid 
waters of southern Illinois. Some of the 
water mites listed here were collected 
from waters having a hydrogen ion con- 
centration of 6.4 to 6.6. The data are too 
meager to give any indication of the 
effect, if any, of acidity as a limiting 
factor in the distribution of species of 
hydracarina. 

When the water mites of southern IIli- 
nois become better known, it may be pos- 
sible to point out certain differences be- 
tween the hydracarina fauna of northern 
and southern Illinois. That there is some 
difference in the invertebrate fauna of the 
two parts of the state is already known 
with respect to a few groups. It has 
been found that certain species of 
ostracods are confined to the northern 
part and certain ones to the southern 
part of the state (Hoff, 1942). To some 
degree, the limitation of range in this 
group appears to be the result of avail- 
ability of certain types of habitats. Ross 
(1941) reported that certain species of 





insects are restricted to specific regions 
of Illinois as a result primarily of differ- 
ences in vegetation. The effect of differ- 
ences in vegetation upon the distribution 
of the aquatic invertebrates is poorly 
known. A_ detailed taxonomic and 
ecological study of the water mites of 
southern Illinois would make possible a 
comparison with the species of Wisconsin 
lakes as described by Marshall (1932, 
1933, 1935, et al.). 

The writer wishes to express his 
gratitude to Dr. H. J, Van Cleave for the 
loan from his library of much of the liter- 
ature used in identifying the species 
reported here. 


LIST OF SPECIES WITH LOCALITY 
RECORDS 


Hydrachna sp. 


1 male. Small stream, Will Co., Ill. June 
30, 1940. Since the material consisted of 
a single male individual in which the 
dorsal plates could not be clearly recog- 
nized, it was not possible to determine 
the species. 


Arrenurus marshallae Piersig 


1 male ae Lake, Lake Co., Ill. June 
1 male. Bottomland lake, Whiteside Co., 
Ill. July _ 6, 1940. 
1 female. Mississippi ~~ Rock Island 
Co., Ill. July 6, 1940 
Arrenurus spp. 
1 fe 


Pis' wT) Bay, McHenry Co., 


male. 
Ill. June 29 


1 ante Lake, Vermilion Co., Ill. July 

1 feinale. Pond, Clay Co., I August 15, 

1 female. Pond, Massac Co., Ill. August 
16, 1940. 

2 females; 1 male. Pasture pond, John- 
son Co., Ill, fugue 17, 1940. 

1 female. Small lake, Lake Coa, Ill. 
August 21, 1940. Several species are 


represented here but were not identified 
because of the lack of good male speci- 
mens. 


Koenikea marshallae Viets 


1 female. Mississippi River, Carroll Co., 
Ill. July 6, 1940. 

2 wales. Pond, Carroll Co., Ill. July 6, 

1 male.) Pond, Massac Co., Ill. August 

1 female. 1Roadside ditch, Massac Co., Ill. 
August 16, 194 

1 female. Horseshoe Lake, Alexander Co., 


Til, August 16, 1940. 
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Koenikea haldemani Viets 
1 male. Pool in ae bed, Hamilton 
Co., Ill. August 15, 1 
1 female. — hitch Niasses Co., Ill. 
August 16, 1940 


Koenikea spinipes (Wolcott) 
1 female. Roadside > Franklin Co., 
lll. August 16, 1940 


Mideopsis orbicularis (Miller) 


1 female. Loon Lake, Lake Co.,_ IIl. 
August 7, 1940. 


Lebertia distincta Marshall 


1 adult, sex not determined. West Loon 
Lake, Lake Co., Ill August 7, 1940. 
The single individual in the hands of the 
writer agrees with the original descrip- 
tion (based on a single specimen) given 
by Marshall (1914) except for a slight 
and perhaps insignificant difference in 
the swimming hairs of the legs and the 
presence of two setae rather than one 
on the outer (extensor) margin of the 
second podomere of the palp. 


Limnesia fulgida Koch 


L. histrionica (Hermann) ) 
nymphs. eg lake, Whiteside 
Co., Ill, July 6, 1940 
nymph. Mississippi ‘River, Carroll Co., 
Ill, July 6, 1940. 
nymph; 1 male. Chautauqua Lake, 
Mason Co., Ill, July 19, 1940. 
female; 1 male. Pasture pond, Massac 
Co., Ill. June 6, 40. 
female. Hasting’s Lake, Lake Co., Ill. 
August 8, 1940. 
female ; i male. Pasture pond, Johnson 
Co., Ill. August 17, 1940. 


to 


ae a 


Neumania extendens Marshall 


1 female; 2 nymphs. eater pond, John- 
son Co., Ill. August 17, 

1 female. Hasting’s Lake, Gs Co., Ill. 
August 8, 1940. 


Neumania sp. 


Several nymphs taken in Carroll, White- 
— Johnson, and Henry Counties, Ihii- 
nols. 


Unionicola crassipes (Miiller) 
1 female. Illinois-Mississippi Canal, Henry 
Co., Ill. June 138, 1940. 
1 nymph. Iinois-Mississipp\ Renesas Bu- 
reau Co., Ill. June 13,,1940 


Piona reighardi (Wolcott) 

nymphs. Bottomland lake, Whiteside 
Co., Ill. July 6, 

nymphs; 1 femaie. ‘Ox-bow, Crawford 
Co., Ill. June 4, 1940. 

females. Pasture pond, Massac Co., IIl. 


eo or 


o 


June 6, 1940. 

1 female. Pasture pond, Johnson Co., Ill. 
August 17, 

1 nymph Inlinois River, Peoria Co., Ill. 
August 30, 

1 —_ _" ‘Viississippt River, Carroll 
Co., Il. July 6, 1940. 


Hygrobates longipalpis (Hermann) 


1 male. Loon Lake, Lake Co., Il. | 
August 7, 1940. 
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PSEUDO-CLEAVAGE OF THE FROG’S EGG 


H, C. Hirt, Jz., anp T. W. Roprnson 


University of Illinois, Urbana, Illinois 


During a study suggested by Dr. Waldo 
Shumway on the fertilization of coelomic 
eggs of the frog Rana pipiens, it was 
found that these eggs exhibited a surface 
phenomenon which resembled normal 
cleavage and is termed pseudo-cleavage. 
Inasmuch as the writers have found no 
reference of this phenomenon for amphi- 
bian eggs in the literature it has seemed 
proper to record its appearance in this 
paper. 

Method.—Coelomic eggs (without jelly) 
were obtained by the pituitary-ovulation 
method of Rugh (’41). The coelomic 
eggs were removed after opening the 
body cavity and placed in a watch glass 
or finger bowl containing fresh sperm 
suspension or sperm-free salt solution. 
The eggs were periodically observed 
under binocular magnification for changes 
in the external appearance and for the 
formation of polar bodies. Observations 
were continued until the eggs cytolyzed 
or ceased to undergo surface changes. 
The sperm suspensions were made up in 
biological (chlorine-free) water. The 
sperm-free salt solutions used were as 
follows: biological water, NaCl, LiCl, 
frog Ringer’s and Holtfreter’s solution at 
normal and at reduced concentrations. 

Experimental. — Inseminated coelomic 
eggs were not fertilizable and did not de- 
velop into embryos. Coelomic eggs in- 
seminated or exposed to sperm-free salt 
solutions underwent cortical changes 
which gave an external appearance simi- 
lar to cleavage planes. This phenomenon 
is referred to as pseudo-cleavage since 
cytological study showed that none of the 
eggs observed had complete cleavage 
planes which cut through the entire egg. 
In one case a blastomere-like segment 
was cut off tangentially through the 
upper part of the animal pole, but could 
not be called a true blastomere. 

The order of events during the process 
of pseudo-cleavage were as follows. A 
few hours after insemination, or exposure 
to sperm-free salt solutions, the cytoplasm 
of the egg sunk away from the animal 


pole and became separated from the 
vitelline membrane which continued to 
maintain its original spherical shape. 
The space between the flattened cyto- 
plasm and the vitelline membrane occu- 
pied, in some eggs, as much as one-fifth 
of the egg’s diameter. Whether a fluid 
was present in this space was not de- 
termined. Diffusion of water or salts in 
solution from the surrounding medium, 
or dehydration of the egg cytoplasm, 
could supply liquid to fill this space. In 
some cases the first polar body was given 
off. 

Pseudo-cleavage began as a constriction 
of the plasma membrane either at the 
center or at the periphery of the flat- 
tened cytoplasm. Deepening and increase 
in length of the constriction gave it the 
appearance of a primary cleavage furrow 
of the normal egg with the exception that 
the path of the furrow was not straight 
across the egg but deviated either to the 
right or left. In most cases secondary 
and tertiary furrows were formed by ad- 
ditional constrictions which cut off from 
the primary furrow or began at the 
periphery and met it at the center. In 
a few isolated cases pseudo-cleavage com- 
menced in the animal pole near the 
equator of the egg, yet the cytoplasm had 
sunken at the apex of the animal pole. 

Several hours later the egg rounded up 
as additional constrictions were cut off 
on the animal pole so that the egg ap- 
peared to have many surface blastomeres. 
These were of variable size and number. 
As many as sixteen were formed on the 
animal pole of one egg. These blas- 
tomere-like configurations after a few 
hours became flattened and the surface 
of the egg became relatively smooth. 
Cleavage furrows in most cases did not 
penetrate beyond the equator of the egg 
into the yolk material, yet the surface 
of the vegetal pole on some eggs was 
marked off with thin white lines which 
resembled cleavage planes. Pseudo-cleav- 
age occurred in all of the experimental 
solutions except the sperm-free NaCl (it 
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occurred in inseminated NaCl.) The ex- 
tent of pseudo-cleavage in the various 
salt solutions used was variable, the low 
concentrations producing the effect as 
well as the normal concentrations. The 
rate of pseudo-cleavage was not constant 
for all eggs but seemed to vary with the 
egg and the medium. 

Discussion—The phenomenon of 
pseudo-cleavage in the frog’s egg prob- 
ably is caused by several factors. Ex- 
perimental evidence to demonstrate these 
factors is lacking. Osmotic pressure dif- 
ferences between the cytoplasm and the 
medium or between the cytoplasm and 
the liquid in the space below the vitelline 
membrane may cause shrinkage of the 
cytoplasm and consequent surface con- 
figuration. Since both normal and low- 
ered concentrations of salt solutions 
caused pseudo-cleavage it may be that a 
permeability gradient existed which per- 
mitted a certain concentration of water, 
which was conducive to pseudo-cleavage, 
to be established in the cortex layer of 
the cytoplasm. From a chemical stand- 
point, the permeability may have per- 
mitted certain cations or anions to enter 


or leave the egg and cause the cortical 
cytoplasm to stiffen and constrict in a 
cleavage pattern. Calcium may well be 
the ion involved. The phenomenon may 
be an expression of an aging process. 
Schechter (’41) working with the unfer- 
tilized clam egg, Mactra, in sea water 
found that when the egg aged an inden- 
tation was formed on the egg. The sur- 
face of the egg became crumpled and 
polar bodies were sometimes given off. 
He thinks that these changes are caused 
by nuclear material released by the aged 
germinal vesicle and that the process 
may be an “abortive attempt at partheno- 
genesis before the cell dies.” 
Conclusions.—Coelomic eggs upon in- 
semination or exposure to salt solutions 
undergo surface changes which give the 
external appearance of cleavage. This 
phenomenon is termed pseudo-cleavage. 
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A CONTRIBUTION TO THE EXPLORATION OF MEXICO 


Harry Hoogstraat 


University of Illinois, Urbana, Illinois 


Less than thirty driving hours from 
this campus lies the northern border of 
the Republic of Mexico. Not only have 
Mexico’s old world civilization and ma- 
jestic scenery attracted thousands of awe- 
inspired tourists during the last few 
years, but its rich and varied flora and 
fauna have lately attracted an increasing 
number of biological investigators. 

Early in the nineteenth century, sev- 
eral European explorers made classical 
collections in southern Mexico, and in the 
latter part of the century, Godman and 
Salvin’s magnificent set of illustrated 
volumes, Biologica Centrali Americana, 
summarized most of the biological knowl- 
edge of Mexico and Central America ex- 
isting at that day. During the last ten 
years of the same century, Nelson and 
Goldman traversed Mexico from north to 
south and from east to west and returned 
with huge collections of mammals and 
birds. At the same time, Cyrus Pringle 
was invading many parts of Mexico and 
returning with large botanical collections 
which were promptly studied and dis- 
tributed among the herbaria of the world. 

The knowledge gained from these ex- 
peditions was kept alive only in scientific 
publications, since for many years little 
further progress was made in the explora- 
tion of Mexico. Biologists were well 
aware that at our very door flourished a 
tropical flora and fauna as luxurient and 
as diverse as is to be found in almost 
any part of the earth. They knew, more- 
over, that the high central plateau of 
Mexico and the massive mountain ranges 
which border the plateau harbor plants 
and animals which are either the same 
or related to those of temperate North 
America, and that a thorough study of 
the natural history of Mexico would be 
necessary before many of the phenomena 
concerning our own animal and plant life 
could be adequately explained. 

In recent years, this spark of interest 
has burst into a flame of renewed explora- 
tion and research. With closer coopera- 
tion between the scientific institution of 
Mexico and the United States, improved 


traveling facilities, and peaceful internal 
and international conditions, more and 
more American investigators have been 
going to Mexico for a few weeks or a few 
months, and even more have been en- 
gaged in the study of their collections 
and findings. The Mexican students 
themselves have been exploring their land 
more assiduously than heretofore, and 
have created several excellent journals 
for reporting their results and those of 
their American colleagues. In our own 
country, scarcely a single issue of many 
of the leading biological journals appears 
without one or more articles devoted in 
whole or part to Mexican specimens, 
observations, or research, 

In Mexico City, in buildings furnished 
by the Mexican government, the U. S. De- 
partment of Agriculture maintains an 
excellent laboratory for study of the fruit 
fly. There it can determine the fly’s im- 
portance should it become established in 
our own orchards, and suggest methods 
of combating it and preventing it from 
crossing the international border. Field 
laboratories in various parts of Mexico 
contribute additional information towards 
this study. Other investigators have been 
exploring Mexico for rare or valuable 
plants for breeding or cultivation, or to 
encourage their cultivation in Mexico for 
the mutual benefit of both nations. 
Entomologists interested in the biological 
control of insects have gone to Mexico in 
search of parasites of Mexican insects 
which have become important pests of our 
crops, for with our modern commercial 
activity and agricultural practices it is 
often simple for such inadvertently in- 
troduced insects to become economic 
liabilities. 

If only to increase the volume of sci- 
entific knowledge, museum and university 
researchers have been combing Mexico 
for new or rare species, or to secure dis- 
tributional or ecological data for those 
which are already known. The prox- 
imity of Mexico and the United States, 
together with the intergradation and in- 
terdigitation of this continent’s temperate 
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and tropical biotic elements there, make 
these investigations of pertinent interest, 
more so than if they were done in some 
far-off land. 

For the last four years, the speaker has 
taken expeditions, each involving three 
months of time and a staff of from five to 
eleven persons, into Mexico to contribute 
in a small measure to the increasing 
wealth of knowledge concerning Mexican 
plants and animals. 

Our stopping places have been chosen, 
so far as possible within the limits of 
time and financial resources, to provide 
us with as adequate a conception as pos- 
sible of the various biotic units that 
characterize the Mexican region. In the 
eastern lowlands we have made numerous 
stops between the northern scrub forests 
and the more humid central forests. Our 
first stop each year has been in the thick 
semi-desert scrub, similar to that of 
Texas, less than a hundred miles south of 
Laredo, and the. second in a mesic, 
temperate forest, less than a hundred 
miles farther south, which greatly re- 
minds us of some of our Illinois ravine 
forests. Then we have worked farther 
south in the various transitional forests 
that grade into the tropical jungles 
characteristic of Central America. At 
other times we have stopped in the moun- 
tains and traveled up and down through 
the various altitudinal zones, and then 
crossed the great divide and gone down 
to the high central plateau which occu- 
pies the whole central part of Mexico. 
Visiting these places year after year gives 
those of us who can make the trip again 
an opportunity to profit from our previ- 
ous experiences there and from what we 
have learned during a winter of studying 
our notes and specimens. 

The composition of our party is de- 
signed so that we may gain as, complete 
a picture as possible of the biotic com- 
plement of each region in which we spend 
a few days, weeks or months. The mem- 
bership of our fourth expedition consisted 
of two entomologists, a mammologist, a 
herpetologist, an ornithologist, a parasi- 
tologist, and a botanist, besides two 
helpers for these men. In addition, we 
brought our own cook to sustain them, 
and a native student to make many of 
the necessary and time-consuming ar- 
rangements. The close cooperation be- 
tween the various members of the party 
is of mutual benefit. For instance, the 
ornithologist, mammologist, and herpe- 


tologist provide specimens for the parasi- 
tologist, or the latter, in turn, assists 
each one in obtaining animals. The 
botanist surveys the region, and after 
consultation with the others who have 
traveled through it in search of other 
specimens, announces the vegetational 
outlines and affinities of the locality 
under study. Or he cares for plants 
from which the entomologists have taken 
certain insects, so that these hosts can 
later be identified and the data recorded 
with the names of the insects. The 
herpetologist is sometimes so busy caring 
for the specimens which the others bring 
in in their searches that he cannot find 
time to go into the field himself for days 
at a time. 

This method of procedure and organiza- 
tion, we believe, is an ideal way to study 
any new region. We have succeeded in 
obtaining several hundred new species of 
plants and animals in Mexico, and almost 
two dozen new genera of animals. In 
addition, the known range of hundreds of 
animals and plants have been extended, 
and many rare forms have been brought 
to the attention of students interested in 
them. But best of all, we have secured 
records of thousands of already known 
species of plants and animals which help 
us to correlate our findings with what is 
already known about the biogeography of 
Mexico. To make this information avail- 
able to other students, each of our men 
has reports of his work in progress or in 
press. In addition, scores of papers by 
others who have studied our specimens 
have appeared or are in preparation or in 
press, 

Our results after four years of effort 
might have been much more impressive 
had we had expensive equipment and 
ample financial backing, but with de- 
pendence mostly on collecting equipment 
and our own five senses for specimens 
and data, and with only some pecuniary 
assistance from Chicago’s Field Museum 
and a few other interested colleagues, be- 
sides the limited. personal ability to 
finance these trips, our efforts have been 
restricted more than we have liked. In 
addition, our gross inexperience and lack 
of guidance on the first and second trips 
greatly reduced our results, and it has 
only been with increasing experience and 
knowledge that we have begun to ac- 
complish that which we first hoped to do. 
The loss of much of our insect collection 
the first year and a serious accident early 
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the second year greatly hampered the 
work, but the “breaks” on the last two 
trips have been as good as the early ones 
were bad. 

Our most ambitious research problem 
is now in progress in the mountains at 
the southern end of the great Mexican 
plateau. We have already spent four 
months there in an investigation of a 
swath of land, or transect, some fifty 
miles long, which begins in a wide, swelt- 
ering river valley only a thousand feet 
above sea level, and progresses upward 
through the various transitional zones to 
the temperate forests at six thousand 
feet elevation, and then up the cold, damp 
slopes of the adjacent mountain to its 
summit at about twelve thousand feet. 
In an isolated village at the halfway 
point, seldom if ever before visited by 
Americans, we have made our headquar- 
ters in the many rooms of one of the 
town’s largest adobe houses. The local 
people are our good friends and perform 
many services as we spend happy and 
busy weeks climbing up the mountain to 
its peak, just a day’s journey above our 
house, or down to the hot lowlands, just 
a day’s journey below our house. On the 
mountain, we work from base camps 
which are supplied by frequent visits of 
the expedition’s mule driver and his 
baiky animals. The middle region of this 


steep transect, we easily work with the 
house as a base, and in the lowlands we 
lodge with a well-educated Dane who 
makes our work easier with his many 
years of experience in that section of the 
country. In the lowlands, our work is 
speeded since we are able to bring in our 
truck, after a slow and treacherous drive, 
and dash from place to place over the 
hard valley floor, but in the mountains 
we are connected with the world only by 
forty miles of narrow, slippery, and 
winding mule paths and a single noisy 
telephone that operates only for one or 
two hours a week if we are lucky after 
yelling into its scratchy recesses for sev- 
eral hours beforehand. 

After four months of work by eleven 
people and many retainers, we have se- 
cured the records of part of the inverte- 
brates, many of the birds, and most of 
the mammals, reptiles, and amphibia 
which are found in this steep fifty mile 
stretch of Mexican mountain country. 
Our future plans, once the war is over 
and traveling for nonbelligerent purposes 
may be resumed, is to establish ourselves 
in this region for a whole year, not only 
to continue to study the altitudinal dif- 
ferences there, but also to observe the 
seasonal variation in the flora and fauna. 
Thus we hope to contribute our bit to the 
exploration of Mexico. 
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COMPARATIVE PHARMACOLOGY OF MYOGENIC AND 
NEUROGENIC HEARTS 


C. Lapp Prosser 


University of Illinois, Urbana, Illinois 


The hearts of adult vertebrates and 
molluscs are known to be inhibited by 
acetylcholine. These hearts are myogenic 
in that their pacemakers are muscular in 
nature, although the hearts may contain 
secondary regulating neurones. It is sug- 
gested that myogenic hearts in general 
may be inhibited by acetylcholine. 


The hearts of decapod Crustacea, of 
Limulus and of the grasshopper, Melano- 
plus, have been shown to be accelerated 
by acetylcholine. Limulus, the decapod 
Crustacea, and probably Melanoplus have 
ganglionic pacemakers, i.e., are neuro- 
genic. It is suggested that neurogenic 
hearts may be accelerated by acetylcho- 
line. 

Embryonic hearts (Fundulus) were 
shown by Armstrong (1935) to be un- 
affected by acetylcholine prior to vagal 
innervation. Apparently innervation sen- 
sitizes the heart so that it is inhibited by 
the drug. We have investigated the effect 
of acetylcholine on the heart of Limulus 
throughout early development. From the 
21st to 32nd days when the heart is not 
innervated (Carlson and Meek 1908) 
acetylcholine is without effect. Later it 
is accelerated. It is suggested, therefore, 
that non-innervated hearts are not af- 
fected by acetylcholine. + 

Kymographic records were obtained of 
the heart beat of the annelid, Arenicola, 
and the hearts and dorsal vessel of Lum- 
bricus were counted. Both these animals 
showed acetylcholine acceleration. His- 
tological evidence supports the suggestion 
that their hearts are neurogenic. 

The heart of the freshwater isopod 
Caecidotea is accelerated by acetylcholine. 
Multipolar ganglion cells have been de- 
scribed in the heart of the isopod, Ligia 


(Alexandrowicz, 1932). The hearts of 
two amphipods, Talorchestia and Bactru- 
rus, and of a copepod, Diaptomus, are 
likewise accelerated. It is likely that 
they are neurogenic. 

Baylor (1941) has found the heart of 
Daphnia to be inhibited by acetylcholine. 
Ingle (personal communication) has been 
unable to find ganglion cells in this heart. 

Acetylcholine is without effect, even in 
high concentrations (10°) with or with- 
out eserine, on the hearts of Artemia or 
Eubranchippus. Pure adrenaline is also 
ineffective on the Atemia heart although 
adrenalin solution (Parke Davis) inhibits 
due to the reducing agent, sodium bisul- 
phite. A variety of control experiments 
shows that lack of effect of acetlycholine 
is not due to lack of penetration into the 
animals. It is suggested on the basis 
of the Fundulus and Limulus embryo ex- 
periments that the hearts of Artemia and 
Eubranchippus are not innervated. 

In general, potassium acts much the 
same as acetylcholine. Calcium antagon- 
izes potassium by slowing the higher 
Crustacean and Limulus hearts but its 
effects on myogenic hearts are complex. 

It is likely that the action of acetylcho- 
line provides a pharmacological method 
for distinguishing between neurogenic, in- 
nervated myogenic, and non-innervated 
hearts. 
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INDUCED OVULATION IN RANA PIPIENS Iti 


True W. RoBINson 


University of Illinois, Urbana, Illinois 


The relation of the pituitary gland to 
ovulation in amphibians has been studied 
since the work of Wolf in 1929. Implan- 
tations of the pituitary into the lateral or 
femoral lymph sac’ and under the skin’, 
and injections of pituitary suspensions 
into the abdominal vein,’ dorsal lymph 
sac or hind leg muscles,® and body 
cavity,* * * have all caused ovulation. In- 
jections of other substances besides am- 
phibian pituitaries such as human pla- 
centa,*> whole sheep pituitary,‘ antuitrin- 
S,° human pregnancy urine,"* proges- 
terone,” testosterone and methyl testos- 
terone,” have also induced more or less 
ovulation. These studies on the effect of 
various substances on the ovulation pro- 
cess have been complicated by the fact 
that the ovaries were left in the animals 
during the period of ovulation. A quan- 
titative measurement of the amount of 
ovulation is difficult to obtain under such 
circumstances. The writer, in collabora- 
tion with Henry C. Hill, Jr. has 
shown” ” that ovulation may be studied 
quantitatively by removing the ovaries 
some hours after injection of the frog and 
suspending them in Ringer’s solution. 

Recently ovulation has been obtained 
from ovaries which were removed from 
normal uninjected females and placed in 
Ringer’s solution containing a suspension 
of female pituitaries. Zwarénstein™ re- 
ported that ovulation can be induced in 
excised ovaries of Xenopus, suspended in 
Ringer’s solution, by the addition of pro- 
gesterone, and Shapiro and Zwarenstein™ 
showed that testosterone and androsten- 
edione are simi’arly effective. Experi- 
ments reported in this paper prove that 
ovaries from Rana pipiens will ovulate 
when placed in Ringer’s solution con- 
taining Rana pipiens pituitaries. 

Method.—Hibernating frogs received 
from Wisconsin were soaked in cold 
water and placed in a refrigerator at 0 
to 1° C. until used. They were periodic- 
ally removed, bathed in cold water, and 
returned to refrigerator. Under these 
conditions good ovulation was obtained in 


experiments covering a month’s time. 
Pituitary glands were removed from fe- 
males, placed in Ringer’s solution, and 
broken up into a fine suspension. Vari- 
ous concentrations of the hormones for 
each experiment were prepared by dilu- 
tion from such a pituitary suspension. 
Ovaries from the same females used for 
the pituitary suspension or from other 
females were removed and portions of 
these ovaries were suspended by Nich- 
rome wires in vials containing the Ringer- 
pituitary suspension. Ovulation occurred 
in these pituitary suspensions, and by 


_ periodic counts until ovulation ceased the 


rate and total amount of ovulation was 
determined. 


Experiments 


1. Effect of pituitary concentration on 
ovulation. 


Six experiments were performed in 
which the ovaries were placed in various 
concentrations of female pituitaries, rang- 
ing from zero to one pituitary per ml of 
suspension. The results of these experi- 
ments are summarized in Table I. 

Only one egg was obtained in six con- 
trol vials which contained the Ringer’s 
solution but no pituitary. No eggs were 
found in the six vials which contained 
0.001, 0.002, and 0.005 pituitary per ml. 
Starting with 0.01 some ovulation 
occurred, increased to a maximum around 
0.08 and decreased to a minimum at 1.0 
pituitary per ml. Experiments performed 
a year ago, using concentrations of sev- 
eral pituitaries per ml, gave no ovulation. 
The occurrence of a maximum effect is 
interesting because it shows that some 
inhibitory factor, which increases with 
concentration, must be present; and the 
low optimal concentration (0.08) may in- 
dicate something of the amount of pitui- 
tary normally needed in the female at 
the time of ovulation. 

2. Effect of methods of storage of the 
frogs on the subsequent ovulation. 

In a second series of experiments a 
new shipment of female frogs was divided 
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TABLE I.—EFFECT OF PITUITARY CONCENTRATION ON OVULATION CONCENTRATION IN 
PITUITARIES PER ML OF RINGER-PITUITARY SUSPENSION 
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TABLE II.—ErFFect orf Two METHODS OF STORAGE OF FROGS ON OVULATION 
Jar A Frogs Kepr In WATER; JAR B Frogs In Moist AIR 
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in two groups. One group of frogs was 
placed in a large jar (A) containing 
about one inch of water, the other group 
in a similar jar (B) containing cheese 
cloth saturated with water. Thus, some 
of the frogs (jar A) were continually in 
water and the others were always in a 
moist atmosphere, but not actually in 
water. Both jars of frogs were kept in 
the refrigerator at 0 to 1° C. Four com- 
binations of pituitary suspensions and 
ovaries were made. Ovaries from jar A 
frogs were tested in suspensions of pitui- 
taries from both jar A and jar B frogs 
and similarly for the ovaries of jar B 
frogs. In all cases the suspensions were 
made up to a concentration of 0.08 pitui- 
tary per ml. The results are summar- 
ized in Table II. 

The pituitaries of both sets of frogs 
were equally potent when tested on 
ovaries of either set; but the response 
from ovaries of frogs kept in water (jar 
A) was nearly three times as great (39 
to 15 eggs) as that from ovaries of frogs 
kept in moist air. Successive experi- 
ments showed that the response from jar 
B ovaries became progressively weaker 
with time. 

When the combination of jar A pitui- 
taries plus ovaries is compared with that 
of jar B pituitaries plus ovaries it is 
seen that the jar A combination is about 
three times better than that of jar B. 
This difference, as could be inferred from 
the above paragraph, is due nearly en- 
tirely to the decreased response of the 
jar B ovaries and not to the decreased 
potency of the jar B pituitaries. 

3. Effect of pH on ovulation. 


Measurements of the pH of the pituitary 
solutions at the end of each experiment 
gave values averaging around 5.5. Pre- 
liminary experiments with buffer solu- 
tions showed that good ovulation can be 
obtained in buffer solutions with pH 
values around 5.5. 

Summary.—1. Excised ovaries from 
normal female frogs (Rana pipiens) will 
ovulate when placed in Ringer’s solution 
containing pituitaries from Rana pipiens 
frogs. 2. Under the experimental condi- 
tions employed it was found that: 

a. No ovulation occurred in suspensions 
of zero, 0.001, 0.002, and 0.005 pituitaries 
per ml. b. Maximum ovulation occurred 
at about 0.08 pituitary per ml. c. Little 
or no ovulation occurred in suspensions 
of one of more pituitaries per ml. d. In 
0.08 pituitary per ml. suspensions good 
ovulation occurred at pH values around 
5.5. 

REFERENCES 


1Wolf, O. M., 1929, Proc. Soc. Exp. Biol. 
and Med., 26, 692-693. 

2 Houssay, B. Pw L. Giusti, and J. M. Las- 
cano-Gonzalez, 1929, Comp. rend, Soc. de 
Biol., 102, 864-866. 

* Adams, E. 'A., 1931, Proc. Soc. Exp. Biol. 
and Med., 28, 677- “681. 

‘_—— A,, and R. K. urns, Jr., 1931, 

Soc. Exp. Biol. ae Med., 29, 80-81. 

+ Ogilivie, A. E., 1933, Proc. Soc. "Exp. Biol. 
and Med., 30, 752- 753. 

*Rugh, R., 1937, Physiol. Zool., 10, 84-100. 

T Bellerby, C. W., 1934, Nature, 133, 494-495. 

8 Shapiro, ” A; and H. Zwarenstein, 1934, 
Nature, 133, 762. 

*Zwarenstein, H., “1937-1938, Trans. Roy. 
Soc. South Africa, 25, x, (Proc. Roy. 
Soc. S. A., 21 Oct. 1936). 

* Shapiro, H. A., 1936, J. Soc. Chem. Ind., 
55, Part I. —— and Ind., 1031-1032. 

™ Robinson, T. W., H. C. Hill, Jr., aes 
Trans. Ill. State " Aced. ws 33, 223-22 

2 Hill, H. C., Jr., and T. W. Robinson, i941, 
Trans. Ill. State Acad. Se., 34, 221-222. 

8 Zwarenstein, } wy ant ; Nature, 139, 112-113. 

“Shapiro, H. A. Zwarenstein, 1937, 


nd H 
J. Physiol., 89, “38P (Proc. Physiol. Soc.). 








Tro =~ = © © et = © 


ae ae ee ae eae Se 








nt 
re- 
lu- 
be 
9H 


ill 
on 
ns 
di- 


ns 
ies 
ed 
tle 
ns 


od 
nd 








Zoology—1942 Meeting 215 


CYCLOCEPHALA ABRUPTA IN ILLINOIS 


(COLEOP. : 


GARLAND 
State Natural History 


To naturalists the sand areas of this 
state have long been the objects of great 
interest because some of the plant and 
animal inhabitants of such regions are 
more or less restricted to sand. Further- 
more, many of these organisms seem to 
be of western origin, As Vestal (1913) 
has pointed out, “many animals reach the 
eastern limit of their range in the Illinois 
sand areas. Others are not continuous in 
distribution, but occur in the sand areas 
and also in the West.” This note is con- 
cerned with what is apparently an ex- 
ample of the latter type of distribution 
pattern. 

In 1907 Hart and Gleason reported on 
a study of the sand area around Havana, 
listing many western plants and animals. 
Hart demonstrated the western derivation 
of much of the insect fauna, with special 
emphasis on the Orthoptera. Ross (1934) 
has since briefly discussed that order in 
relation to all the sand areas of the 
state. 

The presence of a western termite, 
Reticulitermes tibialis Banks, has been 
reported by Dietz (1924) from a sandy 
region in southwestern Indiana, and Park 
(1929) records the same species from the 
dunes of the northwestern part of that 
state. It also has been taken in the 
sandy region near St. Anne, Illinois. 

More recently Knight (1941) has given 
an interesting record of a plant bug, 
Largidea grossa Van Duzee, from Havana. 
Previously this species had been reported 
only from California, Oregon and Ari- 
zona, 

On the evening of July 21, 1941, I col- 
lected a number of specimens of a 
Cyclocephala which were flying to the 
lights at the Natural History Survey 
Field Laboratory near Havana. Through 
the interest of Dr. M. W. Sanderson 
these were identified by Mr. L. W. Saylor 


SCARAB.) 
T. RIEGEL 


Survey, Urbana, Illinois 





Fig. 1.—Cyclocephala abrupta (Casey), 
male and female (enlarged). 


as Cyclocephala abrupta (Casey), fig. 1. 
The record of this species from Illinois is 
unusual since previously it has been re- 
ported only from California, Arizona and 
Oregon (Saylor, 1937). The similarity 
between the known distribution of this 
little scarab and that of Largidea grossa 
is striking. 

It is intriguing to speculate as to how 
many more species of western insects 
range into the sand areas of Illinois and 
thus far have escaped notice. 
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PRECAVAL ANOMALIES OF THE CAT 


J. M. SANDERS 


Chicago Teachers College, Chicago, Illinois 


The usual or normal precava of the 
cat is formed by the junction of the 
right and left innominate veins each of 
which receives an internal and an ex- 
ternal jugular and a subclavian. Veins 
of an adult cat in which the innominates 
failed to join are described early in this 
paper, and later, attention is given to a 
specimen in which the coronary sinus 
empties into the precava. 

In the first variation considered the 
innominates have not joined and the left 
descending vein follows the coronary 
groove around the dorsal aspect of the 
heart to enter the right atrium posterior 
to the entrance of the post cava. This is 
the usual location of the entrance of the 
coronary sinus. The ventricular myo- 
cardium is drained by several venous 
branches which empty into the anomalous 
structure. There were also a few venous 
twigs which drained directly into the 
atrium, The atypical vein appears to 
represent the left innominate and the 
coronary sinus which have remained con- 
nected. The variation therefore is a 
persistent anterior and common cardinal. 
The anastomosis which normally occurs 
across the anterior cardinals cephalad to 
the heart failed to appear in the present 
instance and embryonic channels remain 
as the adult, functional, veins. No other 
significant difference is present. The 
right side is typical with both the 
azygous and sternal veins present as 
branches entering the right precava, or in 
the present case, the right anterior and 
common cardinal veins. This latter vein 


enters the right atrium in the same lo- 
cality characteristic of the normal mam- 
malian anterior vena cava. 

Another adult cat possessed an unique 
vein which drained the blood from the 
ventricular myocardium into the other- 
wise normal anterior vena cava. This 
vein entered the dorsal aspect of the 
precava two centimeters posterior to the 
innominate junction. It drained almost 
the entire area of ventricular myocard- 
ium except for a few anastomosing twigs 
which emptied directly into the atrium. 
There was no coronary sinus entrance 
into the atrium. It is suggested that the 
peculiarly located vein draining the 
heart is the posterior portion of the 
anterior cardinal with the common 
cardinal. Again, the variant seems to be 
a persistent embryonic condition. When 
the right and left precaval veins (anterior 
cardinals) anastomosed, to form the 
single vessel which empties into the right 
atrium, the left vessel posterior to the 
anastomosis failed to degenerate and re- 
mained as a functional vessel. It is not 
certain what happened to the cardiac end 
of the common cardinal. It may have 
become occluded in the changes of the 
developing sinus and atrium or it may 
have never been open into the sinus 
venosus, 

It is very probable that in the develop- 
ment of the anterior vena cava any 
significant variation is a retention of 
embryologic features. This fact has al- 
ready been pointed out in connection 
with the post cava. 
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COLOR DISCRIMINATION IN CANARIES* 


Hurst H. SHOEMAKER 


University of Illinois, Urbana, Illinois 


Introduction.—_It is a common belief 
that lower animals lack the ability to 
discriminate between colors. Such an as- 
sumption seemed to be unfounded for 
most of the species studied and therefore 
indicated the need for testing many more 
forms. Among birds the chicken, pigeon, 
ring dove, and shell parakeet have been 
tested and all showed color discrimina- 
tion. Among Passeriformes, the English 
sparrow and cow-bird were tested with 
colored papers but these methods have 
since been proved inadequate due to in- 
tensity factors. 


The author, in a previous experiment, 
had trained canaries to discriminate be- 
tween a red and a green filter, thus offer- 
ing the opportunity to discover whether 
these birds were responding to differences 
in the intensities transmitted or to the 
wave lengths. 

Materials and Methods.—A “two-clioice” 
problem box 15 inches high, 42 inches 
long, and 28 inches wide (Fig. 1), was 
constructed of plywood. Red and green 
Wratten A and C Monochromatic light 
filters mounted as lantern slides were 
placed over round openings in the end of 
the maze before the 25W lamps at E: and 
E:. Overhead lights illuminated the box 
through a screen wire roof. The birds 
were transferred from the home cage to 
small individual cages. Each bird in 
turn was introduced at the entrance A, 
went through runway B toward the 
colored lights. At the open sliding doors, 
C; and C:, it had to make a choice of go- 
ing into alley D, or D2 If the bird en- 
tered the alley illuminated by the color 
to which it was being trained to go it 
was allowed to pass on out into the exit 
alley F: or F:, through the open door 
G: or G:, into the return runway H: or 
H:, and into the home cage, But when 
the bird was being trained to green and 
the green filter was at E: with the red at 
E:, the bird made an error and entered 
D,, the door C: was immediately closed. 
For this trial the door G: had been closed 


and the bird ran back and forth in D: 
and F, for one minute as penalty for 
making the incorrect choice. At the end 
of the minute door C: was opened long 
enough to let the bird back into B and 
then closed. It then passed through D:, 
F,, out the open G:, and back to the home 
cage through H2 Thus only one error 
could be made at a trial. 

Getting out of the foreign problem box 
where all visual contact with its fellows 
was cut off and returning to the home 
cage to which it was accustomed provided 
sufficient motivation for rapid learning. 
The birds usually showed considerable 
learning in 20-30 trials though they con- 
tinued to improve for variable lengths of 
time. The birds became trained to either 
red or green without any apparent aver- 
sion to either color. There was a strong 
tendency shown to go always to the same 
side regardless of the signal color unless 
penalties are begun at the outset. This 
rendered color “preference” experiments 
meaningless here as was shown in an 
earlier series. 


In order to avoid the one side habit 
the birds were forced to go out to the 
right the same number of times as 
the left according to the pattern 
LRLLRLRRLR, etc. Even this pattern 
was altered often enough to show that 
they had not learned it but were respond- 
ing to the signal light. The 6 birds re 
ported upon here were all trained to 
green in a red-green combination and 
were given 162 trials with 25W lamps 
behind each filter. By that time they 
were making an average of only one 
error in 17 trials. 

Color discrimination test.— The next 
step was to run a series of 28 trials for 
each bird (168 total) with the light in- 
tensity made very unequal behind the 
filters. This was accomplished by using 
a 200W in combination with a 25W 
lamp. The 200W lamp was moved from 
right to left according to the pattern 
RLRLRL, etc. Thus the more intense 


* The assistance of Barbara Weil and Eugene Lipner is gratefully acknowledged. 
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Fig. 1.—Two-choice problem box. 

















> 











WK 











light fell behind the two colors an equal TABLE I.—NuMBER OF ERRorS IN “Two- 


number of times. Though it is known CHorce” Prostem Box 
that colors have varying intensity values - ‘ - 
i j RRORS PER 7 TRIALS 
for different species the great inequality ssw a ssw 200W & 250 
in the light sources would counteract 
them. BIRD LAMPS LAMPS 
The number of errors made in this 109-R ...... 000 1 0090 0 
series of 168 trials (Table I) was 10 °33-T ...... thy ee hee bb ae. 
which happened to be the same number [1I-G -----: Foe Pe te ee 
as was made in the preceding 168 trials. ee ene 
. Pere es 2:4 +2 63 
The average time consumed (Table II) 5;¢;, . #48 020 0 
was slightly greater as might be expected 
after altering the customary conditions. sss a a 
‘ 
TABLE II.—TimMeE REQUIRED IN “Two-CHoIce” ProsLemM Box WITH ONE-MINUTE 
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AVERAGE TIME IN SECONDS FoR 7 TRIALS 
Birp 25W & 25W Lamps 200W & 25W Lamps 
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i SR eee ree rte ha my a ea 44 64 60 4.1 6.0 48 44 4.6 
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For further evidence that the response 
was to color, one or the other of the 
light sources E, or E: was turned off. 
The green trained birds continued going 
to green in the absence of red or con- 
tinued to avoid red in the absence of 
green. A red trained bird under the same 
conditions continued to the red in the 
absence of green and avoided green in 
the absence of red. Further tests were 
made with one or the other of the filter 
slides completely removed allowing the 
white light to show from behind and 
similar results were obtained, 

Conclusions.—Canaries learned to dis- 
criminate between red and green light 
as transmitted through Wratten tricolor 
light filters A and B. No matter how 
much the intensities were varied with 
even one or the other light source en- 
tirely removed the birds continued posi- 


tive to the color to which they had been 
trained and negative to the one which 
they were trained to avoid. 
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STIMULATING AN INTEREST IN THE HISTORY OF THE 
BIOLOGICAL SCIENCES 


Stewart Craig THOMSON 


Loyola University School of Medicine, Chicago, Illinois 


There is a spreading wave of interest 
in the history of the natural sciences. 
This is particularly observed in medicine 
but is apparent in all branches of science. 

The student of science today possesses 
a rich heritage. The biological sciences 
have furnished no small part in the ac- 
cumulation of this legacy. From the 
earliest times up to the present, they 
have played an integral and fundamental 
role in the progress of civilization. The 
history of biology and the history of 
medicine are so closely related that it is 
difficult to separate one from the other. 

Dr. George W. Corner in his book on 
the history of anatomy remarks that 
“whether we feel it thus keenly or not, 
however, the influence of the past in- 
evitably guides our hands as we work, 
for not only in the ancient seats of the 
science of anatomy, but in the newest 
schools of America, the methods we use, 
the names we learn, the present trends 
of our investigation have been determined 
by our predecessors; unless we under- 
stand them we can hardly understand our 
own tasks.”” 

Students in the biological sciences are 
naturally interested in the relationship 


of these sciences to man himself. This is 
especially true if the student is enrolled 
in a pre-medical course. Even if he is 
not in that group, the interest shown by 
all people in their own health and the 
well-being of their fellow-men makes a 
study of the history of the biological sci- 
ences an important contribution to one’s 
general education. 

To present a systematic series of lec- 
tures on the history of the biological sci- 
ences takes time away from the already 
crowded schedule of laboratory studies 
which are exceedingly essential, Other 
means of stimulating an interest in 
biological history are available. Such 
methods have proved helpful in the ex- 
perience of those who have used them. 
These include: (1) introductory lectures 
and frequent, brief references to history 
as it relates to the subject which is being 
presented; (2) the use of a bulletin board 
devoted to the history of biology; (3) the 
encouragement of the reading of biog- 
raphies and histories related to biological 
science; (4) the formation of a society 
of students interested in problems in 
history. 
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The introductory lecture to a course 
serves as an excellent opportunity to ob- 
tain a “bird’s-eye” view over the entire 
field of the subject. The historical ap- 
proach can be appropriately used at this 
time. William Hunter (1718-1783), 
founder of the Great Windmill Street 
School of Anatomy which played a very 
significant part in the history of medicine 
and who was one of the greatest of the 
teachers of anatomy, regularly began his 
course of lectures with an account of 
anatomical study from the days of 
Aristotle and Galen to his own period. 

Reference to history can very easily be 
made at appropriate places. In a lecture 
on circulation in a general college course 
or in a pre-medical course, there is an 
opportunity to mention William Harvey 
and his classic of 1628, Ezercitatio 
Anatomica De Motu Cordis et Sanguinis 
in Animalibus. Some students might be 
stimulated to read this book which surely 
belongs among those books which should 
be familiar to every well-read man. Ap- 
propriate reference can be made to 
Aristotle’s Historia Animalium and to 
Harvey’s Ezercitationes De Generatione 
Animalium in courses in college embry- 
ology. Perhaps copies of these works 
can be displayed. The opportunities to 
inculcate an interest in the history of 
biological science in such a way are 
numerous and varied. 

A bulletin board which is regularly set 
apart for the history of biology is a 
means of stimulating interest. It should 
be located in the laboratory in a place 
where the light is good and where it is 
easily accessible for the students. In our 
Gross Anatomy laboratory we found such 
a place. We have had occasion during 
the past six years to observe how care- 
fully the bulletin board is studied. The 
comments by the students and the ques- 
tions which have arisen in their minds— 
for which they have sought further in- 
formation—have more than justified the 
time spent in preparing the exhibits. 

The bulletin board is changed each 
week. When the student learns that new 
material is placed weekly on the board he 
will develop the habit of looking for the 
display. Material for the exhibits is easy 
to obtain. Envelopes which contain the 
pictures, maps and cards bearing the 
necessary data for each one can be filed 
ready for use another time. Every year 
brings new material. No small number 
of our pictures have been found in the 


advertisements of scientific companies 
and in the advertising section of scien- 
tific journals. This is especially true of 
material which is useful for an exhibit 
on medical history. Photographs in 
books and pictures of the title-pages of 
certain biological classics are easily pro- 
cured. We have found that our medical 
students watch for material of this sort. 
Some of our finest illustrative material 
has come from them. 

The student is given a mimeographed 
list ‘of the bulletin board exhibits for the 
course on the first day the class meets. 
Brief biographical notes concerning the 
men whose photographs are included in 
the displays, and a bibliography of 
readily accessible and interesting refer- 
ences are included with the list. The 
schedule of the subjects is never the same 
for any two years, A cluttered, crowded 
board does not invite the student’s atten- 
tion. An attractive display of only a 
small amount of pertinent material is far 
preferable. The bulletin board must be 
carefully arranged. 

The exhibit on Galen will serve as an 
example. A card with the word “Galen” 
and the dates of his birth and death is 
placed at the upper, middle part of the 
board. Photographs of Athens and Rome 
(two cities with which he was especially 
identified) flank the title card on either 
side. Beneath the card is a portrait of a 
bust of Galen taken from an advertise- 
ment in a journal. A map of the Medi- 
terranean region occupies the center of 
the display. Pergamum is marked with 
red ink and a red string leads out to a 
card which is inscribed with the words, 
“Galen was born at Pergamum and was 
the son of the architect and mathema- 
tician, Nikon. From 157-161 A. D. he was 
surgeon to the gladiators of that city.” 
Next to the card is an illustration of a 
gladiatorial combat from a text-book of 
ancient history. Smyrna, Corinth, Alex- 
andria, Rome and Athens are similarly 
marked on the map and colored strings 
lead to cards which bear pertinent data. 
The left, lower corner of the board has a 
page from a translation of his “Anat- 
omical Procedures,” and the right, lower 
corner has a card on which is a brief 
summary of Galen’s contributions as 4 
teacher, an author and a physician. 

No two persons would ever choose the 
same material for a bulletin board in 
the history of biological science. The 
schedule given here is only a suggestion 
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as to the large amount of history which 
can be covered in this way by having 
each week an exhibit of material which 
relates to one or more of the outstanding 
biologists of history. 


SCHEDULE OF BULLETIN BOARD 
DISPLAYS 


Aristotle (384-322 B.C.) 

Pliny the uae (23-79 A.D.) 

Galen (131-201) 

Avicenna (980. 1037) and the Arabians 

Leonardo da Vinci (1452-1519) 

Vesalius (1514-64) 

Gesner (1516-65) 

Harvey (1578-1657) 

Malpighi (1628-94) 

10. Leeuwenhoek <5 1723) 

11. Linnaeus (1707-78) 

12. ar eel (1728-93) and His Asso- 
cia’ 

13. Cuvier (1769-1832) 

14. Schleiden (1804-81) and Schwann (1810- 


) 
15. Mendel (1822-84) 
16. Pasteur (1822-95) 
17. Walter Reed (1851-1902) and Yellow 


Fever 
18. Biologists of the Twentieth Century 


A shelf of books in the history of the 
biological sciences is a constant invitation 
to the student to enter and enjoy the 
realm of literature of this sort. Books 
should be located on an open shelf where 
they may be examined at leisure. Locy’s 
“The Story of Biology” and his “Biology 
and Its Makers,” Singer’s “Greek Science 
and Modern Science,” J. Arthur Thom- 
son’s “The Science of Life” and “Garri- 
son’s “History of Medicine” are only a 
few examples of general books. Biog- 
raphies have led many students to a real 
interest in the history of science. The 
excellent biography of Osler by Harvey 
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Cushing and the one by Ethel Giddings 
Reid, Sigerist’s “The Great Doctors,” 
Paget’s “John Hunter, Man of Science 
and Surgeon,” D’Arcy Powers’ “William 
Harvey” and Foster’s “Claude Bernard” 
are of this group. Paul De Kruif’s books 
have led several college students whom I 
know to an interest in the history of 
medical science. An exhibit of carefully 
chosen books in the laboratory or the 
lecture-room, as well as in the library, 
serves to direct attention to them in a 
forceful way. 

Students are gregarious and a society 
for the history of biology will appeal to 
many of them. This organization should 
be properly supervised, but the students 
themselves should assume the duties 
which are required and take the leading 
role in its activities. The preparation 
and delivery of papers, the participation 
in discussions and the training in the 
conduct of meetings is most worthwhile. 

These are only a few suggestions as to 
how we can stimulate an interest in the 
history of the biological sciences, Locy 
says that “the place of biology in public 
esteem and public consideration is well 
established.” The time is here for us to 
lay more emphasis upon the main scenes 
and the chief actors in the intriguing 
drama of biological history. 
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ZOOLOGICAL COURSES IN THE EARLY DAYS OF THE 
UNIVERSITY OF ILLINOIS 


Hartey J. VAN CLEAVE 
University of Illinois, Urbana, Illinois 


In a little less than a year the Univer- 
sity of Illinois will have passed the three 
quarter century mark in its history. 
When its doors were opened, in March 
1868, to receive the first students, the 
offerings of courses in science were natur- 
ally considerably different from what we 
have come to regard as characteristic 
courses today. Some of the changes in 
course offerings have been due to changes 
and development of the fields of knowl- 
edge while just as truly in part they are 
attributable to changes in objectives. 

The work in zoology in the University 
of Illinois falls very readily into four 
distinct epochs. 

1. The gestation period from the 
founding in 1868 to 1885 in a struggling 
new institution. 

2. The birth and rapid development of 
teaching and research under the guiding 
genius of Stephen A. Forbes (1885-1909). 

3. The period of maturing and expand- 
ing of the scope of the department under 
the leadership of Henry B. Ward (1909- 
1933). 

4. The current phase of the develop- 
ment of the physiological aspects of 
zoology which became particularly recog- 
nized in the program in 1933. 

In the present article only the first 
two of these epochs will be considered. 


In the minds of its founders, definite 
plans for the University were carefully 
formulated before it came into existence. 
As engendered in the mind of Jonathan 
B. Turner, the plan envisioned an institu- 
tion dedicated to the needs of the in- 
dustrial workers of the state. This idea 
was carried out in the charter of the Uni- 
versity which bore the name of the “IIli- 
nois Industrial University” but the first 
board of trustees broadened the concept 
of “industrial” sufficiently to include sev- 
eral distinctly liberal fields of instruction 
in the first program of the University, 
even though only five faculty members 
were available to do all the teaching. 

However, the spirit of the practical 


pervaded the whole institution and under 
these circumstances it is not surprising 
to find that the earliest courses in zoology 
and entomology were particularly con- 
cerned with matters pertaining to agri- 
culture. One other important influence 
supplemented the agricultural emphasis, 
namely, the active interest in exploration 
of the West. 

In the earliest plans for a University, 
a special committee outlined a series of 
desirable professorships which in scope 
looked very ambitious for a university 
starting from nothing. In a carefully 


‘guarded statement supplementing the pro- 


posed list of professorships (1867) it was 
added “The number of professors must 
depend upon the extent of the endow- 
ments and the consequent ability to pay 
salaries.” And furthermore “Several of 
these departments may at the outset be 
represented by the same man.” In the 
compromise between the ideal set up of 
separate departments and the practical 
problems of finance, the entire field of 
natural history and geology were com- 
bined and to this post Major J. W. Powell 
of Normal who was becoming distin- 
guished by his western explorations was 
called but never became a_ resident 
teacher. 

In the first year of operation of the 
University the Board of Trustees en- 
visioned researches in economic zoology 
as a desirable field for development, but 
such work had already been firmly estab- 
lished at Normal, under the agencies of 
the State Entomologist and the State 
Natural History Society which later be- 
came the State Laboratory of Natural 
History. It was not until 1884, when 
Stephen A. Forbes, in charge of these two 
state organizations at Normal was per- 
suaded to come to Urbana as professor 
of zoology and entomology that the Uni- 
versity acquired the prestige which these 
scientific organizations had gained in the 
fields of economic zoology and entomology. 

In the first year (Catalogue for 1868-9) 
the courses in zoology are rather sketchily 
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described. Elementary zoology, given in 
the second year, opened in the first term 
with “Principles of Zoology — develop- 
ment, structure, classification and dis- 
tribution of animals.” 

The second term was devoted to “Sys- 
tematic zoology, in lectures; natural 
orders, families, etc.; embryology, and 
peculiar modes of reproduction; alternate 
generations; comparative anatomy as ap- 
plied to classification; collection and pres- 
ervation of specimens and natural his- 
tory of domestic animals.” 

In the third term was given: “Ento- 
mology; classification of insects, habits of 
those injurious to the region with means 
of checking their ravages. Habits of 
beneficial insects.” 

The first term of the third year was 
devoted to “general physiology, compara- 
tive anatomy and veterinary surgery.” 

Little is known of the methods of in- 
struction in this first year, or of the 
faculty except that Professor Burrill, 
whose name is more familiar as a bota- 
nist, taught entomology and at least part 
of the zoology. He held the title of 
Assistant Professor of Natural Science. 
Professor Forbes and Dr. L. O. Howard 
have been outspoken in their praise of 
the significance of his teaching. 

The objectives of natural history in- 
struction in these early days are summed 
up (1873-4, catalogue and circular, p. 
37) in the statement of the objects of 
The School of Natural History in the 
following sentence: “The aim of this 
School is to thoroughly educate and pre- 
pare Practical Geologists, Collectors and 
Curators of cabinets and museums of 
Natural History, and Superintendents of 
scientific explorations and surveys.” It 
was further recorded that “The instruc- 
tion is given by lectures and text-books 
and excursions are made under charge of 
the professors.” Laboratory work was 
very limited. Late in this period it is 
recorded that a course in anatomy for 
veterinary students was taught, using a 
papier-mache model of a horse for labora- 
tory study. 

Until 1885, the teaching of natural sci- 
ence followed much the same trend as 
that established when the University was 
founded, with the objectives little changed 
from those mentioned above. The year 
1885 marks the opening of a new epoch 
in the teaching of zoology and entomology 
in this institution. On January 1 of that 
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year Stephen Alfred Forbes came to have 
charge of Entomology and Zoology after 
having been appointed the preceding 
March. Under his guidance the teaching 
of zoology was reorganized on new levels. 

For a time he did all the teaching ex- 
cept for what help he commandeered from 
the other scientific laboratories under his 
direction. Under his capable direction 
zoology was no longer to remain a dis- 
cipline intended wholly for training 
farmers and potential explorers, but be- 
came a professional field for intensive 
cultivation in laboratory study and in re- 
search. 

When he first organized the laboratory 
teaching, Professor Forbes wrote out in 
longhand detailed copy for laboratory 
directions which were then duplicated by 
the blueprint process. Later editions of 
these guides were typewritten and dup- 
licated by a hectograph process. A copy 
of this later edition was on display in the 
University exhibit at the Chicago World’s 
Fair in 1893. 

When Frank Smith came to the Uni- 
versity, he introduced to the work of the 
elementary course exercises in the study 
of Protozoa and in preparation of micro- 
scopic sections. Modifications of these 
outlines were used down to 1909 when 
the courses of the department were en- 
tirely reorganized. 

Previous to the coming of Forbes, 
zoology and entomology had been taught 
by individuals who had their chief in- 
terests in other fields, with no individual 
devoting his entire time to teaching of 
zoological subjects. As a start in build- 
ing a staff, Professor Forbes out of his 
own meagre salary paid for a laboratory 
assistant. From this beginning, the staff 
was built to include specialists in various 
fields. Joint employment by the State 
Laboratory and the University enabled 
the building much more rapidly than 
could have been accomplished otherwise. 
Offerings in physiology, aquatic biology, 
experimental zoology, and ecology brought 
expansion to the originally humble be- 
ginnings. By 1909, when Professor 
Forbes retired as head of the Department 
of Zoology, he left to the third epoch a 
strong staff representing most of the 
fields of zoology then recognized. 

The history since 1909 parallels the 
history of the development of new fields 
and is too recent to merit special atten- 
tion here. 
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INTERRELATIONS OF INSECT-EATING INSECTS 
W. V. BALDUF 


University of Illinois, Urbana, Illinois 


Scope of Entomophagy. Sweetman has 
found published records showing that 
224 insect families, distributed among 
15 of the 25 insect orders, contain species 
already known to live more or less by 
eating relatives of their own class. I 
estimate that about 100,000 of the million 
species of insects catalogued to date pos- 
sess structural or physiological adapta- 
tions fitting them to make such use of 
their kin. These adaptive modifications 
for entomophagy find full opportunity for 
expression in the amazing variety of 
form and mode of life exhibited by the 
prolific and ubiquitous insects in their 
several metamorphic stages. Grubs in 
soil are hunted by fossorial predatory and 
parasitic wasps; caterpillars excavating 
herbaceous and woody plants are reached 
by the boring ovipositors and supersenses 
of ichneumonids; eggs, whether laid on 
exposed surfaces or in prepared crevices, 
are penetrated by the piercing mechanism 
of numerous microscopic serphids and 
chalcids, some of which even use wings 
as oars to swim in water where the host 
eggs occur; the malodorous nymphs and 
adults of bugs afford no defense against 
the ovipositors or larvipositors of tach- 
inid flies, and neither the jumping 
nymphs of grasshoppers or the fiying, 
hard-shelled adult of beetles are immune 
from parasitization by sarcophagid and 
other dipterous parasites. This small 
series of instances serves to show that 
insects, regardless of developmental stage, 
place of residence, mode of defense and 
manner of locomotion, are sought out and 
devoured, either at once or by small de- 
grees over a period of time, by some 
entomophagous hexapod possessed of 
equally effective means for overcoming 
the defensive positions or structures of 
some relative. However, it would be 
worth while, if space permitted, to con- 
sider whether the predatory and parasitic 
ten per cent are actually equipped with 
the variety of senses and structures neces- 
sary to reach and employ as sources of 
nutriment all the bionomic types occur- 


ring among the non-entomophagous nine- 
tenths of the insect class. 

Predatism and Parasitism. The rela- 
tions entomophagous insects sustain to 
their non-entomophagous kin naturally 
form two classes, predatism and parasi- 
tism. Both these expressions of entomo- 
phagy are richly exemplified, and except- 
ing some annoying borderline cases, are 
readily distinguished by the features pre- 
sented in the following characterizations. 

Predatism appears in both the major 
insect subclasses, Heterometabola and 
Holometabola. In the former, both the 
nymphal and adult stages are predatory, 
if either is so, and in the latter either the 
larval or adult stages, or, in some groups, 
both, practice predatism. The predator 
is mostly larger than the prey it devours 
or sucks out, but those equipped with 
grasping and inactivating devices of un- 
usual efficiency commonly overcome in- 
sects of more bulk than themselves. In 
either case, the prey is killed quite 
promptly after seizure, and more or less 
consumed during the time that follows 
immediately. Inactivation is achieved by 
stinging, injection of a deadly digestive 
secretion through the mouth parts, or by 
simple mechanical biting with chewing 
jaws. While not a few are fitted for 
watchful and patient waiting until prey 
comes into reach of legs or mouth parts, 
the majority use legs and/or wings to 
hunt aggressively. This locomobility 
brings the predator over a wide terrain 
and hence in contact with a numerically 
high average diversity of prey forms and 
helps to account for its utilization of a 
different captive at each meal. Where 
the adult, as well as the young, is preda- 
cious, its faculties for locomotion result 
also in the wide distribution of the egg 
progeny,— as a consequence the preda- 
tory nymph and larva may hatch more or 
less remote from the essential prey food. 
This imposes on them the obligation to 
hunt for the living insect to be victimized 
and ingested. 
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Parasitism, on the other hand, expresses 
itself only in the Holometabola, and with 
few questionable exceptions, the feeding- 
growing larvae alone are _ parasitic 
entomophags. Many adult female ichneu- 
monid, chalcidoid, sphecoid and vespoid 
Hymenoptera, and a few true flies feed 
on the individuals of the species used as 
a host by the larva, or even on one not 
so used, but since these do not confine 
themselves to any one individual and live 
there only irregularly, this relation is 
more akin to predatism than to para- 
sitism. The parasitic larva, particularly 
early in its development, is smaller than 
the stage of the insect it employs as a 
host. And because it generally avoids 
feeding on the vital viscera but utilizes 
at first only such reserve materials as 
nutriment in the blood or fat body, the 
parasite usually permits the host to live 
as long as, or even somewhat longer than 
itself, thereby assuring itself with a food 
supply adequate to complete its parasitic 
life. In a few known cases the host dies 
early, hence the parasite becomes obliged 
to feed in its later phase in a scavenger- 
ous capacity. Many adult parasitic 
Hymenoptera, exclusive of the true wasps, 
paralyze the host by stinging. Here the 
size differential between parasitic and 
host stages is such that the latter pro- 
vides the food bulk needed by the former 
despite cessation of its growth due to in- 
activation. Adult parents of the para- 
sitic larvae resemble the parental preda- 
tors in their locomobility, but are gener- 
ally selective, not promiscuous in their 
choice of hosts for reception of the egg 
or larva. This comparative selectivity 
seems to be determined on the one hand 
by such inherited specialized mechanisms 
as sensory organs and ovipositors, and 
on the other by the structural, physio- 
logical and bionomic limiting factors of 
the hosts or their habitats. This is equiv- 
alent to stating that the larva has little 
to do with host selection, hence, in the 
case of polyphagous species, the parasite 
seems to be adjustable to diverse hosts. 
Because the parasitic larva is mostly leg- 
less from hatching to maturity, its place- 
ment on the hosts by the parent is obvi- 
ously essential to survival. But this 
principle does not apply to the consider- 
able number of species whose first larval 
instars are active planidia or triungulins. 
However, also, these undergo a degener- 
ative metamorphosis that leaves them 
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increasingly sessile and helpless after the 
first molt. 

Forms of Parasitism. Parasitism seems 
to assume a greater variety of forms than 
predatism, hence also a greater diversity 
of relations to their food species. The 
principal relations or forms have been 
fairly well defined to date, but numerous 
further variations of these are readily 
found among the species whose bionomics 
have been investigated. The chief rela- 
tions are distinguished on the basis of 
the position the parasite assumes with 
reference to the host, the number of para- 
sitic individuals or species attacking a 
host, and the relation of the several para- 
sites to each other. 

First, classified as to position, the 
larvae are ectoparasitic or endoparasitic. 
Although the large majority attack the 
host exclusively either from without or 
from within, a few species initiate the 
attack externally and terminate their de- 
velopment as endoparasites, and a few 
cases of the reverse relation have been 
recorded. 

Second, entomophagous parasitism is 
solitary when but one individual attacks 
one host, but gregarious or supernum- 
erary when two or more parasitic larvae 
attack one host simultaneously and sus- 
tain like, i.e, parallel relations to it. 
Gregariousness may involve a number of 
larvae of a single species,—a relation 
termed superparasitism, or the number 
may represent two, and possibly more, 
species,—a condition described as multi- 
parasitism. 

Third, where several parasitic species 
are associated with one host, but sustain 
a successive instead of a simultaneous 
relation to it, each successively attacking 
its immediate predecessor, a relation 
known as hyperparasitism exists. Here 
the primary or non-parasitic host (e.g. a 
leaf-eating caterpillar) is first attacked 
by the primary parasite (e.g. an ichneu- 
monid); the latter, in turn is utilized as 
a source of food by a secondary parasite 
(e.g. a chalcid), thus becoming the 
secondary host. Hyperparasitism of the 
secondary degree is richly exemplified 
among the ichneumonid and chalcid 
Hymenoptera, but well demonstrated in- 
stances of tertiary parasitism seem to be 
infrequent. In a few cases (eg. the 
chalcid Dibrachys cavus), the species 
work at one time as a primary and at 
another as a secondary parasite. 
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Fourth, since only the larvae and not 
the adults of Holometabola are entomo- 
phagous parasites, the parasitism de- 
scribed here is exclusively transitory in 
character; no absolute parasitism, in 
which all the life stages live entomo- 
phagously on or in the host, occurs. The 
nearest approach to the permanent rela- 
tion appears in certain Scelionidae whose 
adults ride the adult host, thereby 
facilitating oviposition in the host egg. 
But these phoric adult forms are not 
known to derive their food from the 
parent host, hence do not constitute en- 
tomophagous parasites. 

Fifth, entomophagous parasitic insects 
vary greatly from facultative to obliga- 
tory from the standpoint of their de- 
pendence on the host. A few seem to be 
limited to one stage of one species, others 
to a few of close taxomic relationship or 
of similar modes of life or habitats, 
whereas a large number exhibit a wider 
adaptability and utilize hosts of more 
varied taxonomy and bionomics. These 
several degrees of dependence may be ex- 
pressed as monophagous, oligophagous 
and polyphagous. Predators are largely 
polyphagous, but some forms that stand 
close to the borderline between predatism 
and parasitism are restricted to few prey 
species (e.g. blister beetles predatory ex- 
clusively in the egg masses of locusts). 

Phoresy. This relation, in which one 
species utilizes another as a carrier but 
not as a direct source of food, serves 
merely to facilitate parasitism and does 
not in itself constitute entomophagy. 
Two varieties of phoresy occur among 
entomophagous insects. In one, exempli- 
fied by the scelionid, Rielia manticida 
Kieff., the adult female rides largely the 
female, more infrequently the male, of 
certain mantids. When the mantid de- 
posits her egg mass, covering it with a 
frothy matrix as she proceeds, the Rielia 
females descend to the host eggs and in- 
sert their own into them. It appears to 
be essential for success that parasitiza- 
tion be accomplished while the host 
matrix is yet soft and the host embryo 
exists in an early phase of development. 

In the other variety of phoresy, the 
active first instar larva of several parasi- 
tic groups ride the adults of their hosts, 
which are ants, bees and wasps. These 
larvae hunt or wait for the Hymenoptera 
on the nest site or in flowers in order 
to ascend upon them and to be carried to 


the host nests. The larvae of some blister 
beetles are carried by bees and wasps,— 
largely solitary, and eat the egg and the 
store of pollen-nectar mixture. Several 
rhipiphorid beetles gain entrance thus 
into the nests of wasps and bees, but 
parasitize the larvae. Four families of 
Strepsiptera possibly are carried by adult 
bees and wasps, and also utilize the car- 
rier or other adults of the species as 
hosts. And the eucharid Hymenoptera 
affix themselves to worker ants whose ad- 
vanced larvae and pupae they subse- 
quently parasitize. 


BIONOMIC TYPES OF ENTOMOPHAGY 

The following classification of predator- 
prey relations is based on the kind of 
metamorphosis, the structural or foreign 
preying devices and the degree of preda- 
tism exhibited by entomophagous preda- 
tors. On the other hand, the parasite- 
host relations are divided according to 
the stage or succession of stages the 
parasite employs as host. 


PREDATOR—PREY RELATIONS 
|. Hyphenic Relations. There exists a 
considerable number of entomophags 
which live as predators for only a part 


of the entomophagous stage, or which. 


may exhibit predatism only occasionally, 
and meet the rest of their food require- 
ments as phytophags, scavengers or even 
as temporary parasites. These combina- 
tion food practices are here designated 
hyphenic relations. A few examples will 
make the meaning clear. 

The maggots of the anthomyid fly, 
Hylemya cilicrura Rond, sometimes feed 
upon planted seed corn and again prey 
gregariously on the egg masses of grass- 
hoppers. This case illustrates phyto- 
predatism. A variety of this occurs in 
the gland-bearing caterpillar of Lycaena 
which eats foliage in its first instars and 
devours the subterranean brood of ants 
in the last phase of its development. This 
abrupt change in diet is compelled by 
the ants that feed on the glandular secre 
tion of the caterpillar. Predato-parasi- 
tism is exhibited by the sarcophagid fly 
Wohlfartia euvittata. Its larvae are capa- 
ble of opportunistic interchange between 
predatism on the subterranean egg 
masses of locusts and parasitism in the 
nymphs and adults of the same locust 
species. 


Il. Absolute Predatism. This category 


embraces the large majority of predatory 
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entomophagous insects, and is character- 
ized by the fact that the food taken by 
one or both feeding stages consists ex- 
clusively of insect prey. 

A. Hetermetabolous Predators. It 
may be taken for granted that both 
nymph and adult are predators if either 
proves to be so, and that both possess 
some similar adaptations for pursuit, seiz- 
ure, retention and ingestion of the prey. 
Several noteworthy but not fundamental 
differences in fitness for predation occur 
here. 

The numerically dominant type displays 
front legs fitted with enlarged or spinifer- 
ous femora and tibiae, and, in the man- 
tids, with greatly elongated coxae. Be- 
side the Mantidae, many families of 
Hemiptera are thus equipped—including 
the well known giant water bugs, back- 
swimmers, assassin bugs and ambush 
bugs. Yet the mechanical features of the 
front legs vary greatly in their efficiency. 
For example, the damselbugs use small 
non-resistant prey forms, whereas the am- 
bush bugs capture insects having up to 
several times their own bulk. The latter 
make use of most flower-visiting insects 
ranging in size from gnats to bumblebees. 
In three years of collecting near Urbana, 
I have found Phymata feeding on repre- 
sentatives of 7 orders, 54 families, 131 
genera and 195 species of insects. Its 
efficiency is due also to the deadly sub- 
stance it injects into its victims, killing 
them in a few minutes and liquefying the 
body contents as it feeds. 

Another method of attack is employed 
by the asopine Pentatomidae. Thrusting 
the forward-extended proboscis against 
the caterpillar, beetle larva or other prey, 
the stylets are simultaneously jabbed into 
the body. The needle-like mandibles then 
recurve laterally, holding the captive un- 
til inactivated, presumably by a lethal 
injection, whereupon the contents are 
drained out. 

In the Odonata the metamorphosis is 
hemimetabolous, hence, the dragon and 
damselflies secure their prey on wing, 
while the aquatic naiads employ their ex- 
tensible mask-like lower lip and its pair 
of apical hooks for securing prey and 
bringing it to the jaws. 

B. Holometabolous Predators. Several 
variations of predatism are represented 
among insects characterized by a complete 
metamorphosis. In the carabid and coc- 
cinellid beetles and in the chrysopid, 
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hemerobiid and sympherobiid Neuroptera 
both larva and adult have thysanuriform 
bodies, hunt aggressively in like habits, 
and seize their similar prey with their 
jaws. True these neuropterous larvae 
possess grasping-sucking jaws, whereas 
the adults have the simple chewing kind. 
But the adults and larvae of many other 
Holometabola live and feed in dissimilar 
ways. Striking cases are the Mantispidae 
which are presumably predacious as 
adults but whose larvae prey on small 
spiders in the egg sac, and the tiger 
beetles, which as adults employ their effi- 
cient running legs and sickleshaped jaws 
to hunt aggressively, whereas the S- 
shaped body, hook-bearing dorsal abdom- 
inal bump and powerful jaws of the larvae 
form a remarkable machine for elevating 
soil, clambering up and down a vertical 
shaft in the ground and lying at the 
burrow mouth in wait for prey running 
across. Many solitary wasps not only 
paralyze prey by stinging before storing 
it in a nest for the future legless larva, 
but themselves malaxate the prey to ob- 
tain the body fluids as food. Such treat- 
ment may be accorded to prey to be stored 
subsequently or to a victim that serves 
solely to satisfy the adult wasp. 

In another form of relation, only the 
adult uses prey as food. The calliphorid 
genus Bengalia feeds on winged termites 
or robs ants carrying their brood; several 
genera of sawflies prey on the larvae and 
pupae of beetles, and other insects; 
mecopterous hanging flies suspend them- 
selves by the front legs to capture Diptera 
with the dangling hind legs, and numer- 
ous ichneumonoids, parasitic as larvae, 
jab their ovipositors into host insects and 
imbibe fluids thus liberated, not a few 
constructing feeding tubes to facilitate the 
process where the host lives under cover. 
The larvae in these instances are largely 
or wholly non-predatory. 

Again many species prey only as larvae. 
I do not include the solitary wasps here; 
presumably the adults, like the larvae, 
will be found to feed largely if not en- 
tirely on insects or other small arthro- 
pods. Among the ichneumonoids and 
chalcidoids, which are predominantly 
parasitic, occur a few species predatory 
as larvae. A Habrocryptus consumes suc- 
cessively the eggs and larvae from several 
adjacent cells of an andrenid bee; cer- 
tain Spilocryptus destroy the numerous 
larvae of Pteromalus parasitic in the 
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chrysalis of the cabbage butterfly, etc. 
Also nonhymenopterous instances are 
known. The larvae of some mosquitoes 
eat aquatic insect larvae; the remarkable 
worm lion, Vermilio vermilio L., a rha- 
gionid fly, imitates the pit-making ant 
lions in its mode of preying; most syr- 
phid larvae feed on aphids, whereas the 
adults utilize plant fluids, honeydew and 
the like, and not a few minute cater- 
pillars regularly prey on various Coc- 
cidae as contrasted with the nectar- 
siphoning practice of the adult moths. 
And while many blister beetles are 
hyphenic in that the larvae first prey on 
the egg or larva, then on the stored 
pollen-nectar mixture of bees, the larvae 
of Epicauta and some species of Mylabris 
and other genera, destroy masses of grass- 
hopper eggs, as do also the maggots of 
several bee flies. 

III. Opportunistic Feeders. Studies of 
stomach contents indicate that caddis 
worms, an entirely aquatic order, use 
almost any manageable organic matter 
either in a state of life or decay. This 
seems to be true of both those fashioning 
portable cases and the trapnet builders, 
although the more primitive families of 
the latter group display a feeble prefer- 
ence for prey. In any case, however, prey 
forms only a variable part of the total 
diet. 


TYPES OF PARASITE—HOST RELATIONS 


The larvae of Holometabola constitute 
all the true parasitic entomophagous in- 
sects. The adults that practice phoresy 
seem not to feed on the parent host which 
they ride, and the behavior of the flies 
and Hymenoptera that feed on fluids re- 
leased by thrusts of the ovipositor comes 
closer to predatism than parasitism. 

Parasitic entomophags form a sizeable 
minority of the order Diptera, at least 
half of the order Hymenoptera and all 
the small tiny order Strepsiptera. Also a 
few beetles and Lepidoptera are entomo- 
phagous parasites. Most of the Diptera 
seem not to possess a piercing ovipositor, 
hence place their eggs or young larvae 
directly upon the host or at the entrance 
to the shaft or burrow occupied by the 
prospective victim. However, the female 
hymenopterous parasite is invariably 
equipped with a boring ovipositor which 
is employed to penetrate either the body 
wall of free-living hosts, or the protecting 
cover and, in some cases, the host as well, 


that lives in some sort of shelter such as 
a cocoon or plant cavity. Accordingly, 
the legless majority of the larvae find 
themselves on or in the host when they 
begin their active life. However, both 
the Diptera and Hymenoptera include a 
considerable number that are of unusual 
interest for their practice of depositing 
numerous eggs remote from the _ host. 
Parasitization then depends on (1) in- 
gestion of the egg by the caterpillar host 
as it eats foliage or (2) the locomotor 
or waiting activity of the young larvae, 
that attach to and bore into the host 
when it is reached. The primary larvae 
of the Strepsiptera seem to rely on their 
fleet-footedness or a carrier to bring them 
to the new hosts. In the former instance, 
the hosts are saltatorial Homoptera, in 
the latter aculeate Hymenoptera. 

The classification of parasite-host rela- 
tions presented below is based on the 
host stage or succession of such stages 
the parasitic larva requires for its de- 
velopment. Usually also the egg, and 
in many cases the pupa, are found on or 
in the host, whereas the adult lives free. 

l. Parasites of Hetermetabolous 
Nymphs and Adults. Many Hymenoptera 
and Diptera and some Strepsiptera use 
this subclass of insects as hosts. Ichneu- 
mons and chalcids commonly parasitize 
the nymphs and adults of both Hemiptera 
and Homoptera, and the dryinid wasps 
mostly initiate their attack within jump- 
ing Homoptera and complete it externally 
in a sac formed of the larval exuviae. 
Some sphecoid wasps, typified by the 
cicada killer, Sphecius speciosus store but 
one paralyzed insect, hence fall within 
the realm of parasitism, whereas most 
species store two or more prey insects, 
hence must be rated as predators. 

The chironomid fly, Trissocladius equi- 
tans Claas. is ectoparasitic on a may fly 
nymph, an aquatic host; the planidial 
larvae of cyrtid flies stand up by aid of 
a caudal disc in order to attach to 
spiders; certain sarcophagid flies larvi- 
posit on grasshopper nymphs or even the 
flying adult, and the tachinid Trichopoda 
and others inject eggs or larvae into 
various terrestrial bugs. 

Members of several strepsipterous fami- 
lies endoparasitize jumping Homoptera. 
The active primary larva issues from 4 
puparium-like case occupied by the grub- 
like female on the old host and mounts 
new nymphs of the host species, boring 














n_, an 2. oe ae lhe, ee 





ly, 
nd 
ey 
th 


ial 





Zoology—1942 Meeting 229 


into it at the intersegmental membranes 
and absorbing nutriment from its blood. 
In the final or seventh instar, the larva 
pushes the cephalothorax out between the 
abdominal segments of nymph or adult. 
The apodous female undergoes no recog- 
nizable pupal stage, whereas the male 
does so and bears legs and a pair of func- 
tional wings. 

The minute caterpillars of several 
moths parasitize various coccid Homop- 
tera internally. The Epipyropidae, how- 
ever, should probably be regarded as 
scavengers, not as entomophags, because 
their food, in observed cases, consists of 
wax or excretions derived from their 
homopterous hosts. 

Il. Parasites of Insect Eggs. Most of 
the numerous Mrymaridae and Scelioni- 
dae, and some other miscroscopic Hymen- 
optera, pass their entire egg, larval and 
pupal stages exclusively as solitary en- 
doparasites of the eggs of other insects. 
However, a few species of this order that 
attack eggs laid in masses, e.g. Mantidae, 
do so externally. Again, Trichogramma 
species are gregarious, the number of in- 
dividuals developing in one egg being 
correlated with the size of the host. More 
than 150 host species of six orders are 
known to be used by T. evanescens ‘Westw. 

lll. Parasites of Insect Larvae. Insect 
larvae doubtlessly are utilized to a much 
larger extent as hosts than any other 
metamorphic insect stage. Numerous ex- 
amples are known to occur among the 
Hymenoptera and Diptera and a few in 
the order Coleoptera, and their larval 
hosts belong principally to the Lepidop- 
tera, while the beetles, flies and Hymen- 
optera also appear on the list. Altogether 
they represent almost every kind of re- 
lation to the host, living outside or in- 
side singly or in numbers, and as pri- 
mary or secondary parasites. In addition, 
the female ichneumonoids, chalcidoids, 
parasitic vespoids and others may punc- 
ture or malaxate the host and feed on it 
previous to oviposition, or, in some cases 
feed without subsequently placing an egg. 
The above wasps and some ichneumonoids 
paralyze the host, either in part and 
temporarily, or wholly and permanently, 
before depositing the egg. 

A parasitizing process of unusual in- 
terest appears in the primitive Trigonali- 
dae. The numerous microscopic eggs are 
placed in foliage remote from the hosts, 
and the larvae have been reported as sec- 


ondary parasites of ichneumons in cater- 
pillars or sawfly larvae, and as primaries 
in the larvae of Vespa. According to ob- 
servations, the trigonalid eggs are in- 
gested by the caterpillar or sawfly as they 
eat foliage, whereupon the small parasitic 
larva attacks the primary ichneumonid 
parasite already present in the primary 
host. 

However, the Vespa grub does not eat 
foliage and contains no ichneumonid pri- 
maries. How, then, does the trigonalid 
gain entrance into the wasp host? Clausen 
theorizes plausibly that the parent wasp 
fed parts of trigonalid-parasitized cater- 
pillars or sawfly larvae to her grubs, a 
mode of feeding practiced generally by 
social vespoids. Thus, he believes, the 
parasitic larva was ingested along with 
the prey larvae provided by the parent,— 
a simple mechanical, incidental transfer 
of the trigonalid from its original host 
to a second. 

The Eucharidae, Perilampidae, a num- 
ber of tachinid flies, and others likewise 
place numerous microtype eggs on leaves, 
buds or in soil irrespective of the host’s 
location. The parasitic, active first in- 
star, primitive-type larva then gains en- 
trance in one of several ways: ingestion 
by the host of the egg along with its 
plant food (some Tachinidae); the loco- 
motor activity of the larva itself (Per- 
ilampidae and some Tachinidae); explor- 
atory movements of the larva while sup- 
porting itself caudally on the chorion of 
its egg during the wait for the caterpillar 
host (some Tachinidae), or by riding a 
worker ant whose intranidal larvae or 
pupae it uses as hosts (Eucharidae). The 
known Perilampidae are secondary para- 
sites on ichneumons or tachinids in cater- 
pillars. In all these cases, as also in the 
Trigonalidae, the larvae assume progres- 
sively reduced forms during their onto- 
geny, thus displaying various degrees of 
hypermetamorphosis. 

IV. Parasites of Prepupae or Pupae. 
While the lines between parasitism of 
larvae and of pupae are naturally not 
sharply drawn, some Hymenoptera and a 
few Coleoptera develop at the expense of 
only the pupal stage of their hosts. For 
example, the chrysalids of Lepidoptera, 
the pupae of ladybeetles, lacewings and 
caddis flies, and the puparia of Diptera 
form the hosts of many ichneumonoids 
and chalcidoids, and the active running 
primary larvae of aleocharine Staphylin- 





230 Illinois State Academy of Science Transactions 


idae complete their parasitic life within 
the puparia of cyclorrhaphous flies. 

V. Parasites of Adult Holometabola. A 
few examples are cited to elucidate this 
relation. First, Elasmosoma inserts her 
eggs into the abdomen of Formica fusca 
within the nest, Syrrhizus parasitizes 
Diabrotica beetles, and Perilitus coccinel- 
lae Schr. uses lady beetles exclusively. 
These are braconid Hymenoptera. In the 
order Diptera, we find certain ceratopo- 
gonid flies suck blood from the wings, 
or other body parts, of caterpillars, 
dragonflies, etc., while a conopid makes 
the ovipositional attack on wasps and 
bees in air, and the tachinid, Chaeto- 
phleps setosa Coq. likewise seems to at- 
tack Diabrotica when these are on wing 
exposing the vulnerable dorsum of the ab- 
domen. The Strepsiptera concerned here 
are endoparasitic in wasps and bees. The 
procedure in parasitization and develop- 
ment is similar to that of those which 
utilize homopterous hosts, with the pos- 
sible exception that the primary larvae 
may practice phoresy which facilitates 
finding new hosts, particularly such as 
are social. 

Vi. Parasites in Consecutive Host 
Stages. This category embraces not a 
few ichneumonoid, chalcidoid and even 
serphoid Hymenoptera which utilize 
either two or three successive stages of 
holometabolous hosts to accomplish their 
life cycles. Three such combinations 
have been shown to be employed to date, 
namely egg-larva, larva-pupa and egg- 
larva-pupa. The hosts include Lepidop- 
tera, Diptera and Coleoptera. For ex- 
ample, the chalcidoid, Tetrastichus as- 
paragi Cwf. inserts an egg ,into that laid 
by the common asparagus beetle on its 
food plant. The parasite does not inter- 
fere with the embryonic development of 
the host, but makes its development at 
the expense of the beetle larva. The lat- 
ter is permitted to complete its growth 
and to proceed normally to the soil and 
form the usual pupal cell. But its life 
is terminated before pupation by the final 
feeding activity of the endoparasitic 
Tetrastichus larva. 

Representatives of the chalcidoid genera 
Ageniaspis, Encyrtus, Copidosoma, Bere- 
cyntus and Litomastiz similarly utilize 
the egg-larval stages of Lepidoptera, 
whereas the serphoid genus Platygaster 
may employ the egg-larval host sequence 
of tiny nematocerous Diptera; these 


genera are, in addition characterized by 
polyembryony that works itself out in 
the larval host. 

Several examples are known also in the 
Braconidae and Ichneumonidae. Where 
the host relation involves the larva-pupa 
succession, the parasitic larva hatches in 
the larval host but, in some cases, larval 
feeding and development is delayed until 
the host attains the pupal period. In 
such instances it is believed the histolytic 
changes accompanying pupation consti- 
tute the stimulus necessary to initiate 
parasitic activity. It may therefore be 
surmised that this fact, plus the unfavor- 
able size differential between parasite and 
host, explain at least in part the need for 
a succession of host stages required in 
the above instances for the success of the 
parasite. 

CONCLUSION 

An extensive panorama of entomo- 
phagous food relations has passed in 
quick review. Only a small fraction of 
the known cases exemplifying the sev- 
eral relations described are cited above. 
Moreover, a considerable number of con- 
fusing exceptions have been omitted in 
the interest of simplicity. Readers in- 
terested beyond this brief attempt to por- 
tray the diversity and fascination in- 
herent in the bionomic relations of en- 
tomophags and their prey and hosts are 
invited to consult the several more com- 
prehensive treatises cited below. 
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INSECT RELATIONS WITH PLANTS* 


Harry HooGstTraaL 


University of Illinois, Urbana, Illinois 


The insects comprise by far the great 
majority of animals on the face of the 
globe. In the evolution of life, they orig- 
inated about the same time as the seed- 
and flower bearing plants, and since 
that time, the relations between the two 
have been of the utmost intimacy. Both 
insects and plants have been modified in 
humerous ways to sustain this relation- 
ship or to protect one or the other from 
the deleterious effects of such close and 
greedy company. 

It is immediately apparent that, with 
the possible exception of the plant ene- 
mies of insects, either the aggressiveness 
of insects in their quest for food or their 
desire for shelter or refuge, or a combina- 
tion of both, almost always is the under- 
lying reason for relations between insects 
and plants. 

Probably the desire for food is the most 
important of these two reasons -since 
more complex and far-reaching results 
come from it. 

No terrestrial plant, not even the 
dreaded poison ivy, is free from insect 
feeders, and some, such as our larger 
trees, are hosts to a thousand or more 
species. No part of the plant, from the 
deep roots to the high branches, from 
the tough outermost bark to the woody 
innermost pith, from the hardest seed, 
the waxiest leaf, or the spiniest branch 
to the daintiest flower, the softest fruit, or 
the most succulent shoot is free from in- 
sect attack. 

Only plants in salt water are out of 
reach of insect depredations, for most, if 
not all, of the extremely few insects 
which venture a greater or lesser dis- 
tance into salt water, are of predacious 
rather than phytophagous habits. Fresh 
water plants are often eaten or tunneled 
into by insects, punctured for the deposi- 
tion of eggs, or otherwise utilized for pro- 
tection, by a number of families of sev- 
eral orders of insects. 

Of the terrestrial plants, those higher 
in the evolutionary scale probably harbor 


* Exclusive of Pathogenic. 





the greatest number of insects, but even 
the lowest forms have their characteristic 
species. Great numbers of insects are 
known to exist on the microscopic organ- 
isms which cause decay. Even the hard 
fungi are often riddled by small borers, 
usually beetles, which are limited to them 
as a habitat. While making botanical 
collections on tropical mountains I have 
split open fleshy mushrooms only to find 
more fly maggots there than plant meat. 
The ferns seem to be unusually free from 
insect attack, though by no means com- 
pletely so. 

Now that we have briefly indicated the 
extent to which insects will feed on 
plants, one of the next most important 
questions concerning this relationship, 
that of the specificity of relationship be- 
tween the feeder and host, presents itself. 
This question is of interest both to the 
biologist who studies the evolution or 
bionomics of these forms and to the ap- 
plied scientist who must fight the insects 
attacking crops. 

Certain insects are known to feed on 
as many as 200 kinds of plants. When 
such an omnivorous phytophagous, or 
polyphagous, feeder is of importance in 
planted fields, as it might easily be, it 
may be very difficult to control because 
of the almost unlimited opportunities for 
sustinence. The corn earworm is one of 
the best examples, the tarnished plant 
bug is another. 

However, it is probably more common 
to find that plant eating insects are more 
or less restricted to a certain group of 
plants, whether it be a single order, a 
single family, or a single genus, or any 
closely related group of any of these 
catagories. Insects which feed within 
such a restricted group are termed oligo- 
phagous feeders. 

The monophagous feeders, the ones re- 
stricted to one kind of host, are fre 
quently encountered among insects. Every 
school boy who tries to rear larvae knows 
how careful he has to be to provide just 
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the right kind of leaves for certain of 
them. 

Certain insects, such as the aphids and 
the potato leafhopper, alternate their 
specific hosts from season to season. The 
possibilities of different hosts for a single 
species are further increased and com- 
plicated by the different stages in the 
metamorphosis of insects. As a general 
rule, I believe, nymphs feed on the same 
host or hosts as the adults, but larvae 
may or may not feed on the same host 
as the adults. Larvae in most cases feed 
on at least a different part of the plant 
from the adults. For instance, the larvae 
of the famous Japanese beetle feeds on 
the roots of grass, vegetables, and nur- 
sery stock, while the adults feed on the 
foliage and fruits of about 250 different 
kinds of plants of a great taxonomic 
variety. 

As generalized insect groups evolve in- 
to more specialized forms it is generally 
conceded that they also acquire more 
specialized feeding habits. Under pres- 
sure, a specialized feeder can adapt it- 
self to new varieties of the preferred plant. 
Once an insect has been able to survive 
on a certain kind of plant over a period 
of several generations it may more or less 
completely refuse to consume its original 
food plant. Biological races of the same 
species, one of which will not feed on the 
host of the other, are known for a num- 
ber of insects. These races can some- 
times be distinguished by slight mor- 
phological modifications or by changes in 
habits or in the life cycle. 

While it is true that insects can and do 
change their feeding habits, especially in 
times of stress, it appears to be the gen- 
eral rule in Nature that many prefer the 
food plant upon which they hatched. Ac- 
cording to Hopkins Host Selection Prin- 
ciple, the female of a species which can 
breed in two or more hosts will prefer 
to lay her eggs on the same host on 
which she fed, and that this physiological 
attraction will tend, in the course of 
many generations, to develop a physiolog- 
ical race of insects more or less restricted 
to the preferred host. 

Plants in Nature have evolved numer- 
ous ways of protecting themselves from 
insect attack, but during the selection and 
breeding of plants for cultivation, many 
of the resistant properties have been lost. 
Cultivated plants are not only grown in 


1Imms, Recent Advances in Entomology. 


large stands favorable for the concen- 
trated attack of insects, but they also are 
most attractive to insects and themselves 
suffer more severely from insect feeding. 
The plant breeder is often faced with the 
process of rebreeding, if such a word 
might be used, these resistant qualities 
into his crop. Imms’ lists the factors 
which contribute to the resistance of a 
plant or lack of resistance of a plant as 
the thickness of the cuticle, the develop- 
ment of the sclerenchyma or other me- 
chanical tissue, general hairiness or its 
absence, acidity or alkalinity of the cell- 
sap, silica content, presence or absence of 
certain glucosides, date of maturity, and 
power of recuperation. It has also been 
observed that the cell-sap of certain varie- 
ties or species of plants directly effects 
the fecundity of sap-sucking insects 
which feed on them. 

By their feeding habits, insects some- 
times perform great service to the plant 
and to the agriculturist. One of the most 
publicized of the direct benefits to the 
agriculturist is that of the many kinds 
of cactus feeding insects which have been 
sent from North America to Australia to 
combat the extensive growth of the 
prickly pear, itself imported from North 
America, which has inadvertently estab- 
lished itself and covered enormous areas 
of grazing land. 

By their intimate association with cer- 
tain plants a number of insects, especially 
bees, perform a value of incalculable im- 
mensity in the cross-pollination of 
flowers. Most flowering plants are 
strongly modified to utilize this insect 
service and so to produce seed which will 
result in vigorous and fertile offspring. 
The colors of the plants attract the in- 
sects to the nectar cups deep within 
them. As the insects press into the 
flower to obtain nectar or pollen, they 
pass by structures marvelously designed 
in one manner or another to leave pollen 
on the hungry visitor or to retain the 
pollen brought by him from a previous 
flower. By their habit of feeding mainly 
on plants of one species, the probability 
of cross-pollination by insects is greatly 
increased. 

The modifications of flowers, besides 
those of color and odor, are indeed re- 
markable. In the flower of the common 
Japanese barberry the stamens are 
adapted so that there is a turgor move- 
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ment in response to the stimulus given 
by the touch of a visiting insect’s foot. 
This movement appresses the anthers to 
the leg of the insect, so effecting pol- 
linization. The common iris has a plat- 
form for visiting bees formed by three 
sepals. The anthers are just above the 
platform on which the bee rests to ob- 
tain nectar and are just at the proper 
height to leave some of their pollen on 
the branched hairs of the back of the 
insect. Then as the bee enters the next 
flower, some of the pollen is scraped off 
the back on the stigmatic surface of a 
flap under which it must pass to reach 
the platform. Pollination of the same 
flower from which the pollen is received 
is prevented because the surface of only 
the flap that is met while entering is re- 
ceptive to pollen; that met while leaving 
is non-receptive. 

Our common milkweeds are so designed 
that little pollen bearing structures are 
attached to the legs of visiting insects 
when they slip into beautifully designed 
grooves of the flower in their attempt to 
obtain nectar. These structures, called 
pollinia, twist on their stalks after being 
removed from their flower and are then 
in a position to remain in the stigmatic 
chamber of the next milkweed visited. 
One often finds insects which are not 
powerful enough to extricate their legs 
from these grooves hanging dead or dying 
from milkweed flowers. The yucca moth 
has specially adapted mouth parts and a 
strong ovipositor, such as is possessed by 
no other moth, with which it carries on 
activities upon which the yucca is entirely 
dependent for pollination. With these 
mouth parts, the female scrapes pollen 
from several yucca flowers and then by 
means of her ovipositor inserts her several 
eggs into the ovary of another flower 
after which she pushes the pollen into the 
stigmatic tube and departs. There is, at 
present, no conclusive explanation for 
these strange actions, for the female does 
not feed and the larvae which develop 
from the eggs eat only a few of the sev- 
eral seeds among which they are laid. 

The shapes of the Orchidaceae, which 
are entirely dependent upon insect pol- 
lination, are the most fantastic of all 
floral developments. In some_ species 
special adaptations are formed for de- 
positing pollen on the eyes of a visiting 
sphinx moth and for reclaiming this 
pollen when the moth visits the next 


individual. Some of our most valuable 
crops, as for instance, many of our fruits 
and clover, are entirely dependent upon 
insect visits and pollination for their con- 
tinuation from season to season. 

Flowers are more noticeably modified 
than insects for pollination because of 
their utter dependence upon them, while 
the insect’s purpose is usually accom- 
plished when it obtains the nectar or 
pollen that the plant has to offer. How- 
ever, there are a number of structural 
modifications present on insects which 
visit flowers that are not found on other 
insects and which make the service of 
cross pollination more effective. Some 
flies and many bees have hairy bodies 
and legs which gather and hold pollen 
until scraped off on the next flower. The 
hairs of pollen-gathering bees and of some 
flies are branched or feathery so as to 
insure the adherence of pollen. For the 
mere gathering of pollen or nectar, honey 
bees and sphinx moths have extremely 
long tongues to reach the nectaries. 

Sometimes after we have pitched our 
tents under trees in the semi-desert scrub 
of Mexico we have awakened the next 
morning to find the trees entirely stripped 
of their leaves and the ground below them 
littered with the cut edges of the leaves. 
The leaf-cutting ants of warm climates 
go to such great effort in order to bring 
these cut leaves to their nests to use 
them as a culture media for the propaga- 
tion of fungus upon which they subsist. 

Plant galls caused by insects are so 
common that one cannot walk into the 
field without seeing numerous examples 
of infinite variety. There is little ex- 
planation for these curious and varied 
shapes that the plant tissues assume when 
certain insects lay their eggs or feed in 
or on the plant. It is even more amazing 
to find that in many cases the insect ap- 
parently determines the shape of the gall, 
although the gall is entirely a plant 
growth. One species of insect may cause 
similar galls on different species of plants 
but the galls of different species of insects 
on one and the same plant may be en- 
tirely different. It is usually supposed that 
the gall does not develop until the larva 
hatches. However, some galls are com- 
pletely formed between the time the egg 
is laid and the larva hatches. Others 
seem to need a continuation of stimula- 
tion from the larvae that live within 
them. Often galls containing healthy 
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larvae can be distinguished from those 
containing sickly larvae. Galls are found 
on almost every part of the plant, the 
roots, leaves, flowers, stem, and seeds. 
They are caused by a great many kinds 
of insects and are found on many kinds 
of plants. The simple nodular galls of 
the Hessian fly and the wheat joint worm 
are of extreme economic importance be- 
cause of the debilitation of the plant 
while certain foreign galls are used for 
fuel, food or dyes. 

Seed dispersal by insects is restricted 
almost entirely to the ants. In the west- 
ern grasslands we often see the rings of 
grasses that surround the subterranian 
nests of the agricultural ants that have 
brought their seeds there for storage. It 
is said that the seeds of a certain species 
of bloodroot have fleshy handles by which 
ants carry them. According to some au- 
thors, the seeds of another plant so closely 
resemble the pupae of certain ants in 
size, form, and odor that these ants carry 
them from place to place although they 
do not use them for food. 

Of importance secondary only to feed- 
ing is the protection offered by plants to 
insects. The innumerable possibilities of 
concealment offered by plants are easy to 
imagine. The plant may simply offer 
refuge from enemies or weather. For 
instance, while collecting in the rain on 
one of the deserts of southern Mexico, 
we once encountered within three or four 
minutes almost fifty specimens of a rare 
family of Neuroptera huddled in the 
crevices of the bark of a poisonous tree, 
but when the rain subsided none were 
to be found, and indeed, we collected only 
one other specimen in the general vicinity 
during the whole month. Often feeding 
and protection go hand in hand. Scores 
of our most common insects feed on the 
underside of leaves where they are hidden 
from many of their natural enemies. 
Root eaters usually have little to fear 
from predators or parasites. It is obvi- 
ous that borers into stems or wood have 
almost no enemies to fear, especially if 
they bore beyond the reach of wood- 
peckers and other strong beaked, hard 
working birds. Leaf miners, of which 
there are many more than the average 
person realizes, go about their business 
of eating inside of the leaf in which they 
are living entirely or relatively un- 
harmed. The bagworm utilizes twigs and 
leaves from the plant on which it feeds 


to spin into its silken web, and so makes 
a cozy little house which it carries on 
its back to shield itself from at least some 
of its many potential enemies, although 
many tiny parasites may still attack it. 
Even the aquatic Trichopterous larvae 
make cases of plant material for protec- 
tion, but often the larvae do not feed on 
the plant which protects them. 

Many insects utilize the interior of 
plants for egg laying, thus protecting the 
eggs from many dangers. Sometimes the 
young which hatch from these eggs stay 
within the plant, as is the case of the 
larvae of the engraver beetle, but many 
others, such as the nymphs of cicadas, fall 
to the ground upon hatching, or others, 
such as the nymphs of treehoppers, 
emerge and live on the outer surface of 
the plant. 

Leaf cutting bees cut leaves with which 
to line the nests in which they place 
honey and pollen for their larvae, and 
then plug these nests with more cut 
leaves. The solicitude with which some 
ants place aphids on plants so as to se- 
cure their sweet offal is well known. On 
the desert, we have seen neat little round 
“stables” for these aphids, made in the 
crotches of branches from pieces of gravel 
cemented together. 

We have already noted that many 
plants have evolved structures or other 
modifications to protect themselves from 
insect attack. Numerous insects have 
been so modified as to obtain protection 
from their enemies because of their simi- 
larity in color or structure to the plants 
among which they live. The common 
katydid is often overlooked because its 
green color blends so well with the bark 
or leaves among which it rests. Catocala 
moths, though brilliantly colored on the 
under wings and under surfaces, blend 
perfectly with the bark as they rest there 
with only their upper surface visible. 
The undersurface of the remarkable 
Kallima butterfly of India, exposed as it 
rests among dead leaves, exactly re- 
sembles these leaves so that it is remark- 
ably difficult to distinguish. 

Insectivourous plants, while rare and 
of little importance in the economy of 
Nature, nevertheless are of great interest 
biologically. In the well-known pitcher- 
plants of our marshes, the leaves and 
petioles are modified into brilliantly col- 
ored, sweet-scented pitchers provided 
with nectar glands which lure sweets- 
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loving insects into their sticky depths. 
Then, when the victim dies from exhaus- 
tion after its umsuccessful attempt to 
extricate itself, this marvelously devel- 
oped plant slowly digests its unchitinized 
tissues. Strangely enough, the pitcher- 
plant is the home of a genus of Noctuid 
moths which oviposit in the pitcher and 
whose larvae feed on its tissues and even 
spin a web across the opening, thereby 
protecting themselves from spiders and 
other enemies. 

The leaves of the sundew are provided 
with hairs, each with a fluid secreting 
gland. An insect that flies to one of these 
leaves is trapped when the hairs enclose 
over it and is digested by the secretions 
from the glands. When the digestion has 
been completed the leaves open in antici- 
pation of the next victim. Each of the 
leaves of the Venus fly-trap of the coastal 
regions of North and South Carolina slant 
upward from the middle and clamp over 
an insect which alights on it. Sharp 
bristles along each margin prevent es- 
cape of the larger victims, but small in- 
sects, which contain little nourishment 
anyway, can escape between the spines. 
The trapped insect is digested by fluids 
on the glands on the leaf’s surface. 

Of great interest, especially to médical 
entomologists dealing with the problem 
of mosquito abatement for the control of 
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malaria or yellow fever, are such aquatic 
plants as the common Lemma which often 
covers the surface of water so closely that 
mosquito larvae cannot find place to ex- 
tend their breathing apparatus through 
the surface film to obtain air. 

Some insects actually guard plants. I 
was made painfully aware of this relation 
a few years ago while walking through 
the tropical scrub country of southeastern 
Mexico. While in quest of a particularly 
fancy flying beetle, I brushed against the 
sharp spines of the bull-horn acacia, one 
of the most common leguminous plants 
of the area. I was immediately sharply 
bitten by a number of large ants which 
rushed out from holes at the ends of the 
spikes shaped like the horns of bulls, for 
which the plant is named. These hollow 
horns shelter the ants, which, in turn, 
supposedly drive off the leaf-cutting ants 
which are so common in the region. They 
also drive off innocent entomologists, 
which are much rarer. In addition to the 
shelter which the acacia offers the ants, 
it also offers two kinds of food which 
are the ants’ chief subsistence, a sweet 
fluid which they obtain from the bases 
of the petioles, and also little round knobs 
rich in albumin which they pick from 
the ends of the leaflets. In the tropics 
there are several other such plant houses 
with insect guards. 
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INSECTS AS VECTORS OF PLANT PATHOGENS 
L. R. TEHON 


Illinois Natural History Survey, Urbana, Illinois 


It is appropriate in particular degree 
that the réle of insects as vectors of plant 
pathogens should have a prominent place 
in this Symposium. In 1881 Thomas J. 
Burrill, Professor of Botany at the Uni- 
versity of Illinois, demonstrated for the 
first time that bacteria could cause dis- 
ease in plants and were the cause of fire- 
blight of pears and apples. In 1884 
Stephen A. Forbes, then State Entomolo- 
gist, expressed the opinion that fireblight 
was spread by the tarnished plantbug. 
And in 1891 M. B. Waite, until 1887 a 
student under Burrill, reported experi- 
ments proving that bees and wasps com- 
monly spread fireblight from blossom to 
blossom. Thus, at the University of Illi- 
nois, was born the conception of an active 
and intimate association between insects 
and plant diseases. 

The development of this conception by 
plant pathologists and entomologists is 
well exemplified by the time of publica- 
tion of 655 research reports making 
notable contributions to the problem. 
Only seven of these reports appeared 
prior to 1900, but in succeeding years the 
number increased rapidly. From 1901 to 
1905, ten reports appeared; from 1906 to 
1910, twenty-one appeared; from 1911 to 
1915, thirty appeared; from 1916 to 1920, 
forty-one appeared; from 1921 to 1925, 
seventy-one appeared; from 1926 to 1930, 
one hundred forty-six appeared; from 
1931 to 1935, two hundred and two ap- 
peared; and from 1936 to 1940, one hun- 
dred twenty-seven appeared. 

With so large a number of researches 
completed, it must be apparent that a 
large body of information has been de- 
veloped and that within the time per- 
mitted today little more can be presented 
than a bold outline of what it contains, 
as illustrated by a number of selected ex- 
amples of diseases and vectors. 


HISTORICAL 
The first suggestion that an insect was 
associated as vector with a plant disease 
was made by Forbes in 1884. The first 
proof that insects function as vectors was 


published by Waite in 1891. Milestones 
in the elaboration of knowledge of the 
vector réle of insects may be listed as 
follows: 

1901.—Takami, a Japanese, showed that 
the dwarf disease of rice, not then known 
to be a virus disease, resulted from the 
feeding of the leafhopper Nephotettix 
apicalis. 

1906.—Ball, in America, showed that 
curlytop of sugar beet was associated 
with the leafhopper Eutettix tenellus. 

1909-1910.—Petri, in Italy, showed that 
olive knot was transmitted by the olive 
fly (Dacus oleae) and that an intricate 
symbiotic association obtained between 
the pathogen, another bacterial organism, 
and the insect. 

1911.—E. F. Smith, in America, showed 
that bacterial wilt of cucurbits was trans- 
mitted by the striped cucumber beetle 
(Diabrotica vittata). 

1911.—Norton, in America, published a 
classification of insect injuries to plants, 
in which insect dissemination of patho- 
gens was recognized. 

1912.—Allard, in America, showed that 
tobacco mosaic was transmitted by aphids. 

1913.—Heald, in America, summarizing 
the dissemination of plant pathogenic 
fungi, recognized the importance of in- 
sects as vectors. 

1918.—-Ball, in America, demonstrated 
that potato hopper burn resulted, as a 
toxic effect, from the feeding of the leaf- 
hopper Empoascus fabae. He thus es- 
tablished a new concept, that of disease 
being induced by toxicogenic insects. 

1921.—Buchner, in Germany, published 
elaborate studies of the symbiotic phe- 
nomena occurring between microorgan- 
isms and insects. 

1926.—Kunkel, in America, showed that 
an incubation period in the body of the 
insect is required for transmission of 
aster yellows. 

1929.—Béning, in Germany, published 
an extensive critical review of the litera- 
ture on insects as carriers of plant 
diseases. 
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1937.—Kunkel, in America, showed that 
the virus of aster yellows in the body of 
the leafhopper can be inactivated by ex- 
posure of the insect to a temperature of 
31° to 38° C. 

1937.—Hartzell, in America, reported 
the finding of intracellular inclusions in 
the intestinal walls and salivary glands 
of viruliferous Macropsis trimaclata, the 
leafhopper vector of peach yellows. 

1937.—The American Phytopathological 
Society, the Entomological Society of 
America, and the American Association 
of Economic Entomologists staged an 
elaborate symposium on insects in rela- 
tion to plant diseases. 

1940.—Leach, in America, published the 
first book dealing with insects as vectors 
of plant pathogens. 


EXAMPLES OF INSECT TRANSMISSION 

Diseases due to phytotoxic insect secre- 
tions—The outstanding example is the 
mealy bug wilt of pineapple, a disease 
known in Hawaii since 1910 as the most 
important cause of pineapple failure. 
Leaves of affected plants become flaccid, 
droop, turn pale or become pink or red. 
On young plants progress of the disease 
is rapid, but recovery occurs commonly. 
On old plants progress of the disease is 
slow and affected plants never recover. 
On young plants an initial population of 
fifty mealy bugs (Pseudococcus brevipes) 
is sufficient to induce the disease. On 
older plants the disease develops slowly, 
as a large population of mealy bugs de- 
velops from an initial small number, and 
is accompanied by collapse of the roots 
and final destruction of the plants. 

The disease is not caused directly by 
the feeding of mealy bugs but by a phy- 
totoxic substance injected into the plants 
by the bugs as they feed. The phytotoxic 
substance is apparently diffusible in the 
plant but is not capable of reproduction 
there. The failure of plants to wilt 
quickly when colonies of mealy bugs are 
built up slowly from small intial popu- 
lations has been interpreted as the result 
of an anti-toxic reaction on the part of 
the plant. In general, the wilting of 
plants increases with the number of 
mealy bugs, but the increase is not 
directly proportional; and there appears 
to be a point on the bug dosage scale be- 
yond which there is only a small increase 
in the number of wilting plants. 

Another disease of the same kind, one 
familiar in America, is hopper burn of 
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potato. This disease follows the feeding 
of Empoascus fabae. It differs from the 
mealy bug wilt of pineapple in that it is 
not limited to just one of the hosts 
used by the causal insect. It affects 
alfalfa, clover, apple and other plants 
also, and may severely damage them. 

Explanations other than that of a 
diffusible toxic substance have been 
offered for the injury done by toxicogenic 
insects. It has been suggested that ac- 
cumulation in excess of carbohydrates 
above the point injured by the insect is 
sufficient cause for the injury. However, 
Empoascus fabae feeds almost exclusively 
in the phloem elements of the vascular 
bundle, and the line of penetration is 
surrounded by a region of disorganized 
cells not producible mechanically, as for 
example by probing with a fine glass 
needle, Presumably, then, pathological 
disorganization of plant cells must fol- 
low the injection of at least some toxic 
material. Since other leafhoppers that 
feed in the vascular elements of the 
plants cause less injury, or none at all, 
differences in amount of injury can most 
logically be attributed to differences in 
toxicity of the salivas of the different 
leafhopper species. The concept of 
toxicity is, nevertheless, poorly defined, 
and it is well, therefore, to consider that 
injury displayed by plants could result 
from excessive abnormal physiological re- 
actions induced by toxic materials, as 
well as from the direct action of toxic 
substances. 

Fungus diseases transmitted by in- 
sects—-A great variety of associations 
between fungi and insects is exhibited 
by the known cases in which insects 
serve as vectors of fungous pathogens. 
Commonly, these associations -.appear 
based on the search for food by insects. 
The ergot diseases of rye and other 
grasses furnish fine examples. 

In the spring, ergot kernels that have 
lain dormant on the ground over winter 
send up globe-capped stalks. Beetles, and 
also other insects that visit the blossoms 
of grasses, are attracted to these globular 
caps and become contaminated with 
ascospores of the ergot fungus. Crawling 
or flying then to rye and grass heads, 
these insects deposit spores in the blos- 
soms and infection is accomplished. As 
the new ergot develops, a conidial type of 
spore is borne in droplets of honeydew. 
More than forty kinds of insects, includ- 
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ing especially flies and a fungus gnat 
(Sciara thomae) have been observed 
feeding on this spore-bearing honeydew. 
Insects that habitually visit both healthy 
and diseased grass heads in their search 
for pollen and nectar are obviously 
effective agents in spreading ergot infec- 
tion from blossom head to blossom head. 
The relationship between fungus and in- 
sect is, however, purely casual and acci- 
dental. The fungus evidently is not the 
food sought by the insect, since it has 
been demonstrated that its spores pass 
through the alimentary canal of the in- 
sect without losing their viability. The 
only obvious adaptation apparent in the 
relationship is that the fungus, as it de- 
velops in the grass head, produces a 
carrion-like odor that seems especially 
attractive to flies, . 

A more restricted relationship exists 
between a number of wood staining fungi 
and certain bark beetles. Fungi, chiefly 
of the genus Ceratostomella, attack the 
sapwood of certain coniferous and 
deciduous trees important in industry, 
not rotting but killing and staining in 
shades of blue and brown the wood they 
invade, and thus decrease the commercial 
value of lumber obtained from the trees. 
Affected trees usually have been weak- 
ened by fire or drought previous to in- 
fection. Inoculation with these fungi is 
accomplished chiefly, if not exclusively, 
by bark beetles as they bore into the 
trees and construct their galleries. The 
fungi, after penetrating the wood of the 
tree, fruit in the brood galleries of the 
insects and thus contaminate the young 
beetles. Invariably, spores of these fungi 
are borne in a sticky matrix, an adapta- 
tion assuring that new brodds of beetles 
will be well contaminated externally as 
well as internally when they emerge 
from the trees. 

In some instances, the association of 
stain-producing fungi, insect species and 
tree hosts is not closely restricted. For 
example, the blue stain fungus Ceratosto- 
mella ips is carried to Norway pine logs 
by two species of bark beetle, Ips pini 
and J. grandicollis. It can also be car- 
ried to other coniferous species by at 
least three other species of the same bark 
beetle genus. On the other hand, the as- 
sociation may be rather strict, as in the 
case of two brown stain fungi affecting 
white fir. One of these fungi, Spicaria 
anomala, is found only in the top and 
branches of the tree, where it is intro- 


duced by Scolytus praeceps and S. sub- 
scaber. The second fungus, Tricho- 
sporium symbioticum, is found only in the 
base of the tree, where it is introduced 
by Scolytus ventrales. Although it has 
been shown experimentally that either of 
these fungi will grow in any part of the 
tree artificially inoculated with them, 
their occurrence in nature only in definite 
portions of the tree is clearly associated 
with their dependence on specific insect 
vectors, 

The relationship existing between blue 
stain fungi and bark beetles may be re- 
garded as an instance of mutualistic 
symbiosis. The fungi apparently are of 
no significance as food for the insects. 
Their réle is apparently that of making 
the wood which they parasitize a more 
suitable habitat for the beetles, and this 
they accomplish by killing the cambium 
of the tree and reducing the moisture 
content of the sapwood. The service 
rendered by bark beetles to wood-staining 
fungi is apparently limited to that of 
transport and insertion into the tree. 

The well known dependence of plants 
on insects for pollination is also a means 
for the spread of disease. In Russia and 
in Wales, red clover is affected sys- 
temically by a fungus known as Botrytis 
anthophila. This fungus fruits on the 
anthers of affected plants, destroying the 
pollen grains and replacing them with 
masses of spores. The vigor of the plant 
is not impaired, and blighted anthers 
constitute the only symptom of disease. 
Because of the destruction of pollen there 
is, however, a decrease in seed yield. 
Bees, upon which red clover is largely 
dependent for pollination, visit the 
flowers for nectar, become contaminated 
with the Botrytis spores, and carry them 
to the stigmas of flowers on healthy 
plants. Here the spores germinate. The 
mycelium penetrates the ovary, remains 
within the seed until it germinates, and 
then grows. systemically within the 
young plants. It again appears in fruit- 
ing condition when the flowers mature. 

Insects can be extremely important as 
vectors in indirect ways, as for example 
in the diploidization of fungi. One of the 
most recently discovered réles is that of 
flies and perhaps other insects in the 
fertilization of heterothallic rust fungi. 
With these fungi, reduction division 
occurs in the germinating teliospore. 
Sporidia produced after this germination 
give rise to haploid mycelia. Infection 























by these sporidia results in the formation 
of the structure known as a pycnium, in 
which are produced numerous minute 
pycniospores and _ certain elongated 
hyphae regarded as trichogynes. Pycnio- 
spores exude from pycnia in drops of a 
fragrantly scented, sugary solution 
eagerly sought by over 135 observed 
species of insects. As insects feed on the 
sugary solution, they become contamin- 
ated externally and internally with 
pycniospores, which they deposit in other 
areas of infection. Flies, perhaps because 
of their tendency to regurgitate, appear 
to be the most important carriers of these 
spores. 

When pycniospores are deposited on in- 
fected areas other than the one from 
which they came, they adhere to trich- 
ogyne filaments, unite with them, and 
accomplish diploidization. This immedi- 
ately results in production of the cluster 
cup stage of the rust fungus. 

Constant cross-fertilization of rust races 
by insects increases opportunities for 
hybridization and variation. It not only 
accounts for the large number of physio- 
logic forms occurring in such important 
rust species as the stem rust fungus, Puc- 
cinia graminis, but also makes it very 
probable that success in breeding eco- 
nomic plants for resistance to heterothalic 
rust fungi will always be only tempo- 
rarily successful. 

Bacterial diseases transmitted by in- 
sects——The bacteria known to be patho- 
genic in plants exceed 200 species. With 
few exceptions they are unicellular, rod- 
shaped organisms of such simple struc- 
ture that they are able to penetrate plants 
only through natural openings or in- 
juries. Insects that penetrate the epider- 
mis of plants are therefore especially use- 
ful as vectors; but in many instances in- 
sects also serve as chance or accidental 
carriers, depositing bacteria on or near 
natural openings in the plant—stomata, 
hydathodes, and nectaries. 

A great many instances of insects serv- 
ing as vectors for bacterial plant diseases 
are recorded in the literature of plant 
pathology and entomology. Many of 
these instances never have been substan- 
tiated experimentally but are based on 
observation, or especially when the meth- 
od of dissemination of a bacterial patho- 
gen is not understood, on assumption. 
The relationship between insects and bac- 
teria has, however, been investigated care- 
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fully in a number of instances, and it has 
been definitely shown that this relation- 
ship may vary from the purely casual or 
accidental to an extremely complicated 
symbiosis. 

The earliest of the bacterial diseases of 
plants to be recognized as being spread 
by insects was fireblight. In 1884 Forbes, 
from observational evidence, associated 
spread of the disease with the feeding 
activities of the tarnished plantbug. 
Nearly thirty years later this association 
was proved experimentally. In 1891 Waite 
proved experimentally that fireblight is 
transported from blossom to blossom by 
bees and wasps. Since this early work, it 
has been proved that bees are concerned 
almost solely with the increase of the 
phase of the disease known as blossom 
blight, and that aphids, tarnished plant- 
bugs, and other insects carry infection 
from hold-over cankers to the growth of 
the current year. It seems that trans- 
mission by these insects is purely me- 
chanical and that any insect feeding on 
a susceptible host is a potential vector. 
Thus the infection of large branches and 
trunks may be accomplished by the fruit 
tree bark beetle, Scolytus rugulosus. The 
beehive has been suspected as an over- 
wintering haven of the fireblight bacter- 
ium, and there is evidence that at least 
in some parts of the United States it 
can serve this purpose. 

The réle of insects as transporters of 
fireblight has perhaps been investigated 
more extensively and by a greater num- 
ber of researchers than any other insect- 
carried disease, yet after nearly sixty 
years investigators are by no means 
agreed as to the réles to be assigned to 
various insects. Since many means of 
spread other than insects are utilized by 
fireblight bacteria, the one point of agree- 
ment in all of the data now available 
probably is that insects are casual or 
accidental, mechanical carriers. 

At the opposite extreme is the olive 
knot disease, which in Italy has been 
proved to be closely associated with the 
olive fly, Dacus oleae. The bacterium, 
Phytomonas savastanoi, causing the dis- 
ease is found constantly in the intestinal 
tract of this insect in all its stages of 
development, is transmitted internally 
through the egg, and survives in the 
puparium. In the female fly, the anal 
tract and the vagina unite at their pos- 
terior ends to form a common opening. 
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Near this opening, but in the wall of 
the anal tract, there are a number of 
sac-like evaginations, which are always 
filled with bacteria. Immediately oppo- 
site the openings of the evaginations is 
a longitudinal slit in the membrane sep- 
arating the anal tract and the oviduct. 
An egg, passing along the vagina, spreads 
this slit open, so that its surface presses 
against the openings of the bacterium- 
filled evaginations. In this way the egg 
becomes smeared with bacteria, which 
find their way through the micropylar 
opening into the interior of the egg and 
into the body of the developing embryo. 
Larvae are, consequently, always con- 
taminated internally before they hatch. 
Near the forepart of the mid intestine of 
the larva are four spherical caeca that 
harbor the bacteria, and from these caeca 
as points of origin bacteria are contin- 
ually being distributed throughout the 
length of the intestinal tract. In the 
larva, during pupation, a spherical di- 
verticulum develops off the esophagus and 
just in front of the brain of the pupa, 
and this diverticulum becomes filled with 
the bacteria. Here the bacteria persist, 
and when the fly emerges it also is al- 
ways internally contaminated. Shortly 
after the imago emerges, the entire in- 
testinal tract, including the anal sacs, be- 
comes contaminated from the diverticu- 
lum. In this way, persistence of the bac- 
teria in the body of the insect is assured. 
Transmission of the bacterium to the 
olive tree occurs by way of the wound 
made during oviposition. 

Another, non-pathogenic bacterium, As- 
cobacterium luteum, occurs constantly in 
the body of the olive fly,,in the same 
places as the olive knot bacterium, ap- 
parently in symbiosis with the olive knot 
bacterium, and frequently in much 
greater numbers than the olive knot bac- 
terium. What relationship exists between 
the olive fly and the two bacteria it har- 
bors has not been determined; but it 
may be assumed to be some high type of 
symbiosis, since special structures have 
developed in the body of the insect to 
further the relationship. 

The olive fly is not the only means by 
which olive knot can be spread. The dis- 
ease is not uncommon in California, but 
the olive fly does not occur in that state. 
There the disease is apparently dis- 
tributed by wind-blown rains. 


An instance in which a bacterial patho- 
gen is entirely dependent for spread upon 
a definite kind of insect is furnished by 
the bacterial wilt of cucurbits. As a re- 
sult of the presence of Erwinia trachei- 
phila in their vascular bundles, cucumber, 
cantaloupe, squash and pumpkin plants 
wilt and die. Primary infection of these 
plants always originates in the spring 
from the feeding of overwintered striped 
cucumber beetles, Diabrotica vittata, in 
the bodies of which the bacterium also 
overwinters. After the disease is estab- 
lished in a plant, it can be spread to 
other plants by both the twelve-spotted 
cucumber beetle, D. duodecempunctata, 
and the striped ¢ucumber beetle. Ex- 
perimental work has established that 
these two insects are the only insects 
capable of harboring and spreading the 
disease and that the squash bug, the 
squash ladybird, the melon aphid, the 
honey bee and the potato flea beetle are 
not vectors. Although the bacterium 
lives over winter in the body of the 
striped cucumber beetle, it is not known 
that any symbiotic relationship exists 
between the bacterium and either of its 
vectors. 

Virus diseases transmitted by insects. 
—Since 1912, when Allard showed that 
tobacco mosaic was transmitted by aphids, 
the number of proved instances of insect 
transmission of viruses has increased so 
greatly that now the number of insect 
vectors much exceeds the number of rec- 
ognized plant pathogenic viruses. Here, 
also, the relationships between the viruses 
and their vector insects are variable, 
ranging from casual mechanical trans- 
mission to biologically obligatory asso- 
ciations. 

An instance of a highly infectious virus 
being transmitted mechanically by many 
different insects is furnished by the 
spindle-tuber disease of potato. This dis- 
ease, first recognized in 1922 and proved 
to be of a virus nature in 1923, is of con- 
siderable economic importance. Its virus 
is easily transmitted artificially by inocu- 
lation with infected sap, by contact be- 
tween cut seed pieces, and especially by 
the cutting knife. Positive transmission 
has been proven experimentally for the 
following insects: the aphids Macrosi- 
phum gei and Myzus persicae, the tar- 
nished plantbug, larvae of the Colorado 
potato beetle, the flea beetles Epitriz, cu- 
cumerus and Systena taeniata, the leaf 
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beetle Disonycha triangularis, and grass- 
hoppers of the genus Melanoplus. The 
only insect that has failed to give posi- 
tive transmission in tests is the leafhop- 
per Euscelis exitiosus. The fact that so 
many insects are able to _ transmit 
the spindle-tuber virus suggest that al- 
most any insect feeding on potato is a 
potential vector of the disease. This fa- 
cility for insect spread undoubtedly ac- 
counts for the very rapid increase of the 
disease in the field, which may reach the 
extent of 42 to 95 per cent of the plants 
in as short a time as three years. 

Leafroll of potato, also an economically 
important virus disease, is less readily 
transmitted than is spindle-tuber. It can- 
not be transmitted by mechanical inocu- 
lation with virus-infected sap. It can, 
however, be transmitted by such insects 
as the plantbug, Calcoris bipunctatus, and 
the leafhopper Typhlocyba ulmi and is 
transmitted chiefly by aphids. At least 
seven aphid species have been incrim- 
inated in experimental tests. Among the 
seven, Wyzus persicae is most important, 
with M. pseudosolani and M. circumflerus 
in second place. One of the pathological 
aspects of leafroll is a necrosis of the 
phloem tissues of the potato plant, and 
this fact seems associated with the fact 
that the most efficient aphid transmitters 
habitually feed in the phloem. 

After feeding on an infected plant, the 
aphid M. persicae requires several days 
before it is able to transmit leafroll, but 
after this period has elapsed it remains 
infective for a relatively long period of 
time. Apparently some biological rela- 
tionship exists between the insect vectors 
and the leafroll virus. 

Curly top of sugar beets, a disease his- 
torically important because its relation- 
ship to the leafhopper Eutettix tenellus 
was recognized before its virus nature 
was understood, presents an instance of 
still closer biological limitation between 
insect and virus. Although curly top 
virus can be transmitted artificially by 
sap inoculation, the only known means 
of transmission in nature is the beet leaf- 
hopper. This leafhopper is not known 
to transmit any other virus disease. 
Curly top virus overwinters in a number 
of wild plants, as well as in overwintered 
sugar beets Leafhoppers, feeding on 
these plants, become infected. The virus 
then requires an incubation period in the 
body of the insect, ranging from as short 
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a time as twenty minutes to as long as 
seven hours, and the leafhopper is unable 
to transmit the disease until this period 
has elapsed. In plants a latent period of 
four to fourteen days is required before 
symptoms appear. 

Curly top has been investigated ex- 
tensively by a number of workers, who 
have determined numerous interesting 
and important facts bearing upon the 
interrelations of host, virus and insect. 
In affected plants the virus is localized 
in the phloem. Insects, when feeding, 
must reach the phloem to become viruli- 
ferous and to transmit the disease. In 
searching for phloem tissue, the insect 
seemingly is guided by the pH value of 
the tissues through which its feeding ap- 
paratus passes. Phloem tissue is said to 
have a pH value of 7.5, xylem a value 
of 6.2, and parenchyma a value of 6.0. 
Rickettsia-like microorganisms have been 
reported in the intestinal tract lining of 
infective leafhoppers but have not yet 
been discovered in the tissues of infected 
plants. In the body of the insect, curly 
top virus is apparently most abundant 
in the blood, from which it is most readily 
recovered; it can also be recovered from 
the salivary glands and the contents of 
the alimentary tract. The virus content 
of the insect decreases slowly as the in- 
sect feeds on uninfected plants, and the 
power of transmission may disappear 
after fifty-four days. Apparently the 
virus does not multiply in the body of 
the leafhopper, although it may survive 
the winter there. If a quantity of viruli- 
ferous juice is precipitated with an equal 
volume of 95 per cent alcohol, centri- 
fuged, washed in 50 per cent alcohol, 
dried, and mixed with sufficient five per 
cent sugar solution to restore the original 
volume, the product may be fed to leaf- 
hoppers to make them viruliferous and 
able to infect healthy plants. 

Besides these biological relationships, 
certain ecological aspects are of interest. 
The beet leafhopper is restricted to an 
arid climate, and the curly top disease, 
being restricted to one vector, is limited 
to the region occupied by the leafhopper. 
Sparse stands of Russian thistle provide 
optimum conditions for development of 
the leafhopper; high humidity in heavy 
stands checks development of the insect. 
In sugar beet fields, optimum conditions 
for the leafhopper obtain when the stand 
is poor or when the plants are small. 
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The virus the leafhopper transmits bene- 
fits its vector by contributing suitable en- 
vironment. Sugar beet fields would be 
but little used by the leafhopper were it 
not for the effect of the curly top virus 
on the sugar beet plants. 

Aster yellows and peach yellows are 
two additional virus diseases, research on 
which has yielded important knowledge 
of the relationship of plant pathogenic 
viruses and insect vectors. Aster yellows 
is an extremely destructive cisease of 
cultivated asters and affects nearly 200 
other species of plants in North America. 
It is transmitted exclusively by the leaf- 
hopper Macrosteles divisa. Both nymphs 
and adults are able to transmit the virus. 
However, incubation of the virus for at 
least ten days in the body of the insect 
is required before disease can be induced. 
Fully viruliferous leafhoppers, if held at 
a temperature of 31° C. or above for 
several days, become non-infective. Ap- 
parently the virus in the body of the in- 
sect is destroyed by prolonged heat. It 
is supposed that on this account spread 
of the disease is less during the hot 
weather of midsummer. If, however, the 
exposure of the insect to high temperature 
is of short duration, the virus is only par- 
tially inactivated and, after the elapse of 
a suitable period, may again become 
potent. Thus there is evidence of multi- 
plication of the virus in the body of the 
insect. 

Peach yellows, recognized for more 
than a hundred years as an extremely 
destructive disease of peaches, is trans- 
mitted only by the plum _ leafhopper, 
Macropsis trimaculata. It and _ aster 
yellows can be transmitted artificially 
only by grafting. The incubation period 
of the peach yellows virus in the leaf- 
hopper ranges from eight to 26 days. 
Both nymphs and adults are able to 
transmit the virus. The presence of in- 
tracellular inclusions has been demon- 
strated in the intestinal walls and sali- 
vary glands of viruliferous leafhoppers. 

Taxonomic groups of insects vary 
greatly in importance as virus vectors, 
and the importance of different groups 
appears correlated with feeding methods. 
Grasshoppers, Which have chewing mouth 
parts, transmit the spindle-tuber disease 
of potatoes, but are not specific trans- 
mitters. Thrips, which feed with a rasp- 
ing-sucking action, transmit spotted wilt 
of tomato, pineapple yellow spot, and 
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streak of peas, and some degree of spe- 
cific biological relationship exists between 
them and these viruses. Aphids, which 
feed by sucking, are the most important 
of the virus vectors, both as to number of 
vectors and number of viruses trans- 
mitted. Thirty-six aphid species transmit 
38 viruses. One aphid, Mizus persicae, 
transmits 19 viruses. Next in importance 
are leafhoppers, and it is in this group 
that the highest type of biologically ob- 
ligatory association between virus and 
vector is found. Fifteen viruses are trans- 
mitted by 19 leafhopper species. But no 
leafhopper transmits two unrelated vi- 
ruses, and no virus is transmitted by 
more than four leafhoppers. Scale in- 
sects and mealy bugs, though common on 
a wide range of plants, transmit few 
viruses. Two lacebugs transmit the 
viruses of two sugar beat diseases, and 
plantbugs, especially the tarnished plant- 
bug, transmit viruses that are easily 
transmitted mechanically. Only a small 
number of beetles transmit viruses and in 
those few cases probably do so mechan- 
ically and without displaying any bio- 
logical relationship. 

Sucking insects are the most effective 
vectors of plant pathogenic viruses, but 
even among them there are great dif- 
ferences in ability to transmit. Some are 
unable to transmit any virus; others 
transmit certain viruses mechanically; 
and still others transmit only single 
viruses in such a way as to indicate the 
existence of very highly specialized 
adaptations between vector and virus. 


PROBLEMS NEEDING INVESTIGATION 


Although the réle of insects as vectors 
of plant pathogens has been recognized 
in numerous instances, there still is need 
for clarification in this basic field. Insect 
vectors are unknown for 54 out of a total 
of 129 recognized virus diseases of plants. 
There are numerous opportunities for re- 
search in special aspects of the relation- 
ship between plant pathogens and their 
insect vectors. In the field of viruses, 
for example, it is important to learn why 
one aphid species can transmit 19 kinds of 
virus, while at the other extreme one leaf- 
hopper species can transmit just one 
kind of virus not transmitted by any 
other leafhopper species. It would be of 
interest to know what the incubation 
period of a virus in an insect body ac- 
tually represents. It would be valuable 
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to trace the progress of a virus in an 
insect body from the time it is accepted 
until it is given back to a plant. An 
especially intriguing fleld of research has 
been opened up by the discovery that cer- 
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tain plant viruses appear as _ protein 
crystals. That discovery may furnish the 
key to the question, “What form does a 
virus take in the body of its insect 
vector?” 














